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ABSTRACT 

The vascular flora of Red Hills State Park, Lawrence County, Illinois, was studied during 

the growing seasons of 1997-1999. A total of 537 taxa in 308 genera and 105 families 

were observed, 23 fern, fern allies, and Gymnospermae, 142 monocots, and 372 dicots. 

The families with the largest number of taxa included the Asteraceae (71 taxa), the 

Poaceae (65), the Cyperaceae (32), the Rosaceae (20), the Lamiaceae (18), and the Faba- 

ceae (18). The genera with the largest number of species included Carex (21 taxa), 

Polygonum (10), Quercus (10), Aster (9), and Dichanthelium (8). The overstory of two 

dry-mesic upland forest communities was surveyed, and the density (stems/ha), basal 

area (m /ha), relative density, relative dominance, importance value, and average diame¬ 

ter determined for each species. The forest in Red Hills Woods Nature Preserve was 

dominated by white oak with an importance value (IV) of 111.7 (200 possible), with 

sassafras, green ash, shagbark hickory, and black oak being marginally important. The 

forest in the Red Hills State Park was dominated by white oak with an IV of 65.3, with 

red oak and black oak as subdominants. 

INTRODUCTION 
•v 

Red Hills State Park (RHSP) is located in west-central Lawrence County, east-central 

Illinois approximately 13 km west of Lawrenceville. The 384 ha (948-acre) RHSP was 

established in 1943 with an initial purchase of approximately 400 acres. Periodic acqui¬ 

sitions continued until 1953 when a 140 acre tract was acquired to serve as a drainage 

basin supply for a 40 acre lake completed in 1953 (Scherer 1993). Red Hills Woods 

Nature Preserve (RHWNP) is located the south-central portion of RHSP while Red Hills 

Seep Springs Land and Water Reserve is located in the north-central portion (McFall and 

Karnes 1995). The RHSP was developed to provide camping, fishing, hunting, and other- 

recreational opportunities for the public. Although most of RHSP has been subjected to 

agricultural production, timber harvest, and grazing in the past, the site has retained a 

relatively high diversity of plant and animal life, serving as an important reserve for plant 

and animal communities and threatened and endangered taxa. The present study was 

undertaken to document the vascular flora of the nature preserve, registered land and 

water reserve, and the state park, and to determine the composition and structure of the 

plant communities present. 
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METHODS 

Following a preliminary visit in 1996, 9 visits were made in 1997, 15 in 1998, and 5 in 

1999. Plant collections were made from June 1997 to September 1999. During each 

visit, voucher specimens were collected, abundance values determined, the plant commu¬ 

nities delineated, and the status of endangered or threatened species monitored. Six taxa 

were not collected due to rarity or threatened or endangered status. The material col¬ 

lected was identified and deposited in the Stover-Ebinger Herbarium of Eastern Illinois 

University (EIU). Criteria for determining native and non-native taxa followed Femald 

(1950), Mohlenbrock (1986), and Gleason and Cronquist (1991). Nomenclature follows 

Mohlenbrock (1986). 

Abundance values were used to indicate the abundance of each taxon within the habitats 

that it was observed. When a taxon occurred in more than one habitat, the first habitat 

type listed was used to determine the abundance value. Abundance values were: 1) rare, 

species known from 5 or fewer populations; 2) infrequent, 6-10 populations; 3) occa¬ 

sional, species evenly distributed throughout the community in small numbers; 4) 

common, species found throughout the community in moderate numbers; 5) abundant, 

species found throughout the community in large numbers. 

During the summer of 1998 one-ha (100 x 100 m) areas were randomly located in two 

upland forest communities and were divided into 16 quadrats 25 m on a side. In each 

quadrat, all living, and dead-standing woody individuals 10 cm dbh and above were 

identified and their diameters recorded. From these data of the living stems, density 
'y 

(stems/ha), the basal area (m /ha), relative density, relative dominance, importance value 

(IV), and average diameter (cm) were calculated for each species. Determination of the 

IV follows the procedure used by McIntosh (1957) and is the sum of the relative density 

and relative dominance of a given species. 

The densities (stems/ha) of the woody understory species were determined using 20 

nested circular plots 0.0001, 0.001, and 0.01 ha in size randomly located along line tran¬ 

sects through each study area. Four additional 0.0001 ha circular plots were located 6 m 

from each center in each of the cardinal compass directions. In the 0.0001 ha plots, the 

tree seedlings (<50 cm tall) and all shrubs were counted, in the 0.001 ha circular plots 

small saplings (>50 cm tall and < 2.5 cm dbh) were recorded, and in the 0.01 ha circular 

plots large saplings (2.5-9.9 cm dbh) were tallied. 

DESCRIPTION OF THE STUDY AREA 

The RHSP is located in the Mt. Vernon Hill Country Section of the Southern Till Plain 

Natural Division (Schwegman 1973). Located on the Illinoian till plain, the RHSP is 

characterized by rugged topography with leached soils overlain with loess on the upland 

areas and silty alluvial deposits in the terrace areas (Fehrenbacher and Odell 1956). 

Upland soils include Bluford silt loam, Ava silt loam, and Hickory loam-Ava silt loam 

complex. Elevation of the RHSP ranges from 142 to 194 m above mean sea level. 
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An old Indian boundary line lies in a southwest to northeast orientation through the site. 

General Land Office surveys were conducted east of the boundary line in 1805 and west 

of the line in 1818. Surveyors described the area that is now the south portion of RHSP 

as a dry, rolling barrens with white oak, black oak, and hickory timber and a dense under¬ 

story of white oak, black oak, hickory, hazelnut, and blackjack oak. The north portion of 

the park was described as rolling, first- and second-rate land timbered with white oak, 

black oak, hickory, and poplar with an understory of white oak, black oak, and redbud. 

Land uses surrounding RHSP are primarily agricultural with scattered forested tracts. The 

landscape of RHSP is comprised of upland forest which occupies approximately 188 ha, 

cultural areas (99 ha), successional areas (57 ha), mesic terrace forest (18 ha), open lake 

and intermittent streams (16 ha), a prairie restoration (4 ha), and forested seeps (2 ha). 

The 32-acre (13 ha) RHWNP was dedicated as an Illinois nature preserve in 1985. Situ¬ 

ated on level to gently-rolling uplands, an intermittent stream is located in the extreme 

south part of the preserve. The preserve was grazed prior to acquisition by the Illinois 

Department of Natural Resources. Prescribed burning was conducted in the spring of 

1997 and the fall of 1998. 

The upland forest surveyed in the RHSP is located in the north portion of the park and is 

characterized by narrow ridges and moderate to steep slopes. The forest is young to 

mature second-growth timber containing a number of coppice individuals. No prescribed 

burning has been conducted in this portion of the park. 

The climate of east-central Illinois is continental with cool winters, hot summers, (Page 

1949, Schwegman 1973) and little or no water deficit at any season of the year (Fehren- 

bacher et al. 1967). In Lawrence County, Illinois, the average precipitation is 102 cm, 

with the month of May having the highest rainfall. The hottest month is July (average of 

25.5° C), and the coldest January (average of 0.5° C). The average number of frost-free 

days is 186. 

RESULTS AND DISCUSSION 

Vascular Plant Species Present 

The flora of RHSP consists of 537 species and subspecific taxa in 308 genera and 105 

families. Of these taxa, 103 (19.2%) are not native to Illinois. The Gymnospermae are 

poorly represented at the RHSP, accounting for only 7 taxa (1.3% of all species) while 

the Pteridophyta accounted for 16 taxa (3.0%) in 6 families. Among the Angiosperms, 

monocots accounted for 142 taxa in 61 genera and 15 families (26.4% of all species), 

while dicots accounted for 372 taxa in 229 genera and 81 families (69.3% of all species). 

The families with the highest representation of species and subspecific taxa were 

Asteraceae (71), Poaceae (65), Cyperaceae (32), Rosaceae (20), Lamiaceae (18), Faba- 

ceae (18), Scrophulariaceae (15), and the Polygonaceae (14). The genera with the highest 

number of species and subspecific taxa were Carex (21), Polygonum (10), Quercus (10), 

Aster (9), Dichanthelium (8), Juncus (8), Solidago (7), Asclepias (5), Eupatorium (5), and 

Galium (5). See Appendix I for a listing of all vascular species encountered. 
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Habitat Types Present 
The plant communities were designated using the community classes of White and Man- 

dany (1978). These communities have been influenced in the past by management 

activities, fire suppression, grazing, and wildlife activity. The following is a description 

of the plant communities encountered at RHSP with indicator species. 

Drv-mesic upland forests dominate most of the RHSP and the RHWNP. These second 

growth forests are characterized by a diverse assemblage of overstory and understory 

trees and shrubs and a rich herbaceous layer. All have been selectively logged within the 

past 75 years, and some were clear cut just prior to acquisition for the state park. These 

woods were also grazed, some heavily, prior to acquisition. 

The 36-ha (90-acre) dry-mesic upland forest examined in the RHSP is located on a gently 

sloping, south-facing ridge with steep east and west sides. Seventeen tree species 

occurred in the study area with 317 stems/ha and a basal area of 33.05 m /ha (Table 1). 

Quercus alba (white oak) dominated, occurred in all diameter classes, being most com¬ 

mon in the 20-29 and 30-39 cm classes, had an average diameter of 39.2 cm, and an IV 

65.3. Quercus rubra (red oak) and Quercus velutina (black oak) ranked second and third 

in IV respectively, being most common in the larger diameter classes. Acer saccharum 

(sugar maple) dominated in the smallest diameter tree class (10-19 cm) with 29 stems/ha, 

had an average diameter 18.9 cm, and ranked fourth with an IV of 16.6. Ulmus rubra 

(slippery elm) dominated the seedling (10,300 stems/ha), and sapling (2,635 stems/ha) 

layers, but rarely occurred in the overstory. Other common understory species were 

Prunus serotina (black cherry), Fraxinus pennsylvanica (green ash), Sassafras albidum 

(sassafras), white oak (Table 2), with black cherry and white oak absent from the sapling 

layer. Dead-standing individuals averaged 22 stems/ha with a basal area of 1.501 m /ha, 

the oaks accounting for most of this total. 

The dry-mesic upland forest of the RHWNP occurred on nearly level to gently-sloping 

ground with the change in elevation not exceeding 4 m. Seventeen tree species occurred 

in the study area with 277 stems/ha and a basal area of 27.94 m2/ha (Table 1). White oak 

dominated the larger diameter classes, had an average diameter of 50.8 cm, and was the 

leading dominant with an IV of 111.7. Carya ovata (shagbark hickory), black oak, and 

Carya tomentosa (mockernut hickory) were most common in the 10-20 cm diameter 

class. Green ash, sassafras, Cornus florida (flowering dogwood), slippery elm, and 

Morus rubra (red mulberry) were fairly common, indicating a relatively open canopy 

forest that suggests some selective logging and grazing just prior to being purchased for 

the state park. The seedling and sapling layers were dominated by green ash, sassafras, 

slippery elm, and black cherry which together accounted for more than two-thirds of all 

individuals present (Table 2). Dead-standing individuals averaged 27 stems/ha with a 

basal area of 2.941 m /ha. White oak accounted for nearly all of the basal area and aver¬ 

aged 17 stems/ha. 

The structure of the two forests studied indicates a relatively open woodland during the 

first half of the century when cutting and grazing probably occurred. Presently the for¬ 

ests have a stratified structure with many oaks in the canopy. The understory, along with 

the species in the smaller diameter classes, suggests that the forests are becoming more 

mesic with an increase of shade-tolerant, fire-sensitive species. These shade-tolerant 



5 

species, which are associated with closed canopy forests, will increase in importance as 

the veteran oaks die (Ebinger 1986, Ebinger and McClain 1991). 

Common herbaceous species in the dry-mesic forests were Adiantum pedatum, Arisaema 

dracontinum, A. triphyllum, Aster shortii, Bromus commutatus, Claytonia virginica, 

Danthonia spicata, Delphinium tricorne, Erythronium albidum, E. americanum, Frasera 

caroliniensis. Podophyllum pedatum, Polygonatum commutatum, Smilacina racemosa, 

Trillium recurvatum, and Uvularia grandiflora. 

Mesic terrace forests were characterized by moderately well-drained soils with a diverse 

assemblage of understory shrubs and herbaceous species. Overstory species included 

Acer saccharinum, A. saccharum, Betula nigra, Carya cordiformis, Fraxinus pennsyl- 

vanica, Juglans nigra, Platanus occidentalis, Populus deltoides, Prunus serotina, Quer- 

cus palustris and Q. rubra. Lindera benzoin was the dominant shrub. Herbaceous spe¬ 

cies included Agrimonia parviflora, Asplenium platyneuron, Boehmeria cylindrica, 

Cinna arundinacea, Cryptotaenia canadensis, Elymus villosus, Impatiens capensis, 

Laportea canadensis, Leersia virginica, Onoclea sensibilis, Platanthera peramoena, 

Polystichum acrostichoides, Teucrium canadense, and Tradescantia subaspera. 

Forested seeps are found in five locations in the north part of the RHSP. The seeps were 

characterized by saturated muck soils with Hydrangea arborescens, Lindera benzoin, and 

Rosa palustris being the associated shrub species. Herbaceous species included Athyrium 

thelypterioides, Chelone glabra, Dryopteris carthusiana, Equisetum arvense, Impatiens 

capensis. Lobelia siphilitica, Polystichum acrostichoides, and Saururus cernuus. The 

state-endangered Polygonum arifolium (halberd-leaved tearthumb), the state-threatened 

Care:c prasina (drooping sedge) and state-threatened Hemidactylium scutatum (four-toed 

salamander) were also encountered in the forested seeps (Herkert 1991a & b). 

Prairie restoration was characterized by dense grasses with a sparse forb component. 

Grasses included Andropogon gerardii, Panicum virgatum, and Sorghastrum nutans 

while Eupatorium perfoliatum, Ludwigia alternifolia, Pycnanthemum tenuifolium, Soli- 

dago canadensis, Vernonia gigantea, and Rubus spp. were the most common forb and 

woody species. 

Open lake and ponds were permanently flooded areas with Cephalanthus occidentalis 

and Cornus drummondii occasionally present near the shore. Frequent shoreline species 

included Carex frankii, Ludwigia peploides, Polygonum hydropiperoides. Polygonum 

punctatum, Typha angustifolia, and T. latifolia. Common aquatic taxa included Lemna 

spp., Nuphar luteum, Potamogenton crispus, and P. nodosus. 

Successional areas were abandoned pastures or cropfields that had been set aside to 

provide cover and foraging areas for wildlife and were found primarily in the south por¬ 

tion of the RHSP. Some of these areas contained small, relatively open areas that may 

resemble the barrens described the GLO surveyors. Herbaceous species included Andro¬ 

pogon gerardii, Schizachyrium scoparium, Crotalaria sagittalis. Euphorbia corollata, 

Fragaria virginiana, Hieracium longipilum, Liatris squarrosa, Lespedeza virginica. 

Poly gala sanguine a, P. verticil lata, Pycnanthemum tenuifolium, and Veronicastrum 

virginiana. The remaining successional areas were composed of dense stands of young 
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trees or shrub thickets that exclude most herbaceous species. The dominant trees were 

Acer rubrum, Diospyros virginiana, Fraxinus spp., Juniperus virginiana, Pinus spp., 

Prunus serotina, Quercus imbricaria, Robinia pseudoacacia, Sassafras albidum, and 

Ulmus rubra. The most common shrub and woody-vine species included Elaeagnus 

umbellata, Ilex decidua, Lonicera japonica, Rosa multiflora, Rubus spp., and Toxicoden¬ 

dron radicans. Herbaceous species included Andropogon virginicus, Asplenium platyneu- 

ron, Eupatorium perfoliatum, and Verbena urticifolia. 

Cultural areas created and maintained through human influences, were found. These 

included campsites, recreational areas, agricultural fields, food plots, pine plantations, 

roadsides, lawns and other developed areas. Species richness of non-native and weedy 

species was high in these areas of low natural quality. 

Endangered or threatened plant species 

Carex prasina (drooping sedge) is a cespitose sedge having pistillate spikes borne on 

long peduncles and inhabiting forested seeps and moist or wet woods (Gleason and 

Cronquist 1991). At the RHSP, C. prasina is found in one wooded seep area. Forty two 

tufts were observed with each tuft having between 2 and 15 culms per tuft. 

Lycopodium clavatum (running pine) was probably introduced into the RHSP with the 

pine plantations and was confined to a single population in a successional area dominated 

by Elaeagnus umbellata and Lonicera japonica. During the course of the study, the 

population appeared to be diminishing, possibly due to shading and/or competition from 

other species. The species was not observed during three search attempts in 1999 and 

may be extirpated from RHSP. 

Polygonum arifolium (halberd-leaved tearthumb) a slender branching herb with reflexed 

prickles and hastate leaves, is found in two of the five seep areas. One population is 

located in a seep along the extreme north end of the park and receives strong indirect 

light. The plants are robust with branches reaching a length of 75 cm. The population 

located in an area with a more closed forest canopy is less vigorous, the plants rare 

exceeding 25 cm in height. Increased light from a more open canopy would probably 

increase the vigor of the population and encourage more flowering and seed production. 
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Table 2. Densities (stems/ha) of the woody seedlings (<50 cm tall), small saplings (>50 

cm tall, <2.5 cm dbh), and large saplings (2.5-9.9 cm dbh) in two dry-mesic 

upland forest communities at the Red Hills State Park, Lawrence County, Illi¬ 

nois. 

Small Large 

Species Seedlings Saplings Saplings 

dry-mesic upland forest, Red Hills State Park 

Ulmus rubra 10300 2550 85 

Prunus serotina 3200 — — 

Fraxinus pennsylvanica 2600 500 — 

Quercus alba 2200 — — 

Sassafras albidum 1200 50 25 

Carya glabra 900 100 35 

Acer saccharum 800 300 135 

Nyssa sylvatica 700 50 10 

Quercus rubra 600 — — 

Celt is occidentalis 500 — — 

Cercis canadensis 400 — — 

Cornus florida 300 — 335 

Liriodendron tulipifera 300 50 5 

Asimina triloba 200 — — 

Others 400 200 5 

Totals 24600 3800 635 

dry-mesic upland forest, Red Hills Woods Nature Preserve 

Fraxinus pennsylvanica 3000 550 90 

Sassafras albidum 3000 1250 115 

Ulmus rubra 1100 450 185 

Prunus serotina 900 50 — 

Nyssa sylvatica 500 100 — 

Ulmus americana 300 200 40 

Symphoricarpos orbiculatus 300 — — 

Carya tomentosa 200 50 70 

Rosa multiflora 200 — — 

Quercus alba 200 — — 

Carya ovata 100 200 85 

Viburnum prunifolium 100 — — 

Cornus florida — — 170 

Acer rubrum — — 40 

Amelanchier arborea — — 25 

Others — — 25 

Totals 9900 2850 845 
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APPENDIX 1 

The vascular flora of RHSP is arranged alphbetically within each taxonomic group. 

Introduced species are indicated by an asterisk (*). After the binomial and authority, a 

list of communities where the taxon most often occurs is given (UF = dry-mesic upland 

forest, TF = mesic terrace forest, FS = forested seep, OL = open lake or ponds, PR = 

prairie restoration, SU = successional area, CU = cultural areas), followed by an abun¬ 

dance statement (1 = Rare, 2 = Infrequent, 3 = Occasional, 4 = Common, 5 = Abundant), 

and collection numbers. 

PTERIDOPH YT A 

ADIANTACEAE 

Adiantum pedatum L.; UF, FS; 3; E888 

ASPLENIACEAE 
Asplenium platyneuron (L.) Oakes; UF, TF, SU; 

3; E098 
Athyrium angustum (Willd.) Presl.; FS; 2; E603 
Athyrium thelypterioides (Michx.) Desv.; FS; 2; 

E800 
Cystopterisprotrusa (Weatherby) Blasd.; UF, FS; 

3; E684 
Dryopteris carthusiana (Villars) H.P. Fuchs; FS; 

2; E794 
Onoclea sensibilis L.; FS, TF; 2; E044 
Polystichum acrostichoides (Michx.) Schott; UF, 

TF, FS; 4; E820 

EQUISETACEAE 
Equisetum arvense L.; FS; 1; E886 

LYCOPODIACEAE 
Lycopodium clavatum L.; SU; 1; E002 
Lycopodium digitatum A. Br.; UF; 1; E011, E860 

OPHIOGLOSSACEAE 
Botrychium dissectum Spreng.; UF; 1; E792 
Botrychium dissectum Spreng. var. obliquum 

(Muhl.) Clute; UF, TF, SU; 3; E859 
Botrychium xirginianum (L.) Sw.; UF, TF, SU; 3; 

E904 
Ophioglossum vulgatum L. var. pycnostichum 

Fern.; TF; 1 

THELYPTERIDACEAE 
Phegopteris hexagonoptera (Michx.) Fee.; UF, 

FS; 2; E887 

SPERMATOPHYTA: GYMNOSPERMAE 

CUPRESSACEAE 
Juniperus xirginiana L.; SU, CU, UF; 3; E629 

PINACEAE 
*Pinus banksiana Lamb.; CU; 2; E2018 
*Pinus resinosa Ait.; CU; 2; E960 

*Pinus strobus L.; CU; 2; E723 
*Pinus sylvestris L.; CU; 2; E2014 
*Pinus nigra Arnold; CU; 2 

TAXODIACEAE 
Taxodium distichum (L.) Rich.; TF; 1; E832 

SPERMATOPHYTA: ANGIOSPERMAE 

MONOCOTYLEDONEAE 

ALISMACEAE 

Alisma plantago-aquatica L. var. americana 
Roem. & Schultes; OL; 2; E696 

Sagittaria calycina Engelm.; OL; 3; E3104 

ARACEAE 
Arisaema dracontium (L.) Schott.; UF; 3; E958 
Arisaema triphyllum (L.) Schott.; UF; 3; E873 

COMMELINACEAE 
*Commelina communis L.; SU, CU; 2; E981 
Tradescantia xirginiana L.; UF; 2; E096 
Tradescantia subaspera Ker.; TF; 2; E685 

CYPERACEAE 
Car ex albursina Sheldon; UF; 1; E955, E957 
Carex annectens Bickn.; 2; TF, SU; E607 
Car ex annectens Bickn. var. xanthocarpa (Bickn.) 

Wieg.; UF; 2; E916 
Carex blanda Dewey; UF; 3; E898 
Carex bushii Mack.; UF; 3; E3188 
Carex caroliniana Schwein; SU; 3; E918 
Carex frankii Kunth.; TF; 3; E741 
Carex granularis Willd.; TF; 2; E917 
Carex grisea Wahlenb.; UF; 2; E3185 
Carex hirsutella Mack.; UF; 2; E3192 
Carex jamesii Schwein.; UF, SU; 2; E2087 
Carex laxiflora Lam.; UF; 2; E919 
Carex lurida Wahlenb.; TF; 2; E740 
Carex pensylxanica Lam.; UF; 2; E2026 
Carex prasina Wahlenb.; FS; 2; E551 
Carexprojecta Mack.; TF; 2; E965 
Carex rosea Willd.; UF, SU; 2; E2091 
Carex shortiana Dewey; UF, SU; 2; E3184 
Carex stipata Muhl.; UF; 2; E900 
Carex tenera Dewey; SU; 2 
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Carex vulpinoidea Michx.; UF; 3; E3183 
Cyperus densicaespitosus Mattf. & Kukenth.; CU; 

2 
Cyperus esculentus L.; CU; 1 
Cyperus erythrorhizos Muhl.; TF; 2; E3101 
Cyperus ovularis (Michx.) Torr.; SU, CU; 2; 

E668 
Cyperus strigosus L.; CU, PR; 2; E856 
Eleocharis elliptica Kunth; TF; 2; E857 
Eleocharis obtusa (Willd.) Schult.; CU, SU, PR; 

3; E1034 
Eleocharis verrucosa (Svens.) Harms.; SU, PR; 2; 

E925 
Scirpus atrovirens Willd.; TF; 2; E763 
Scirpus cyperinus (L.) Kunth.; SU; 1; E1039 
Scirpus georgianus Harper; CU, SU; 2; E855 

DIOSCOREACEAE 
*Dioscorea batatas Dene.; CU; 1 
Dioscorea quaternata Walt. J.F. Gmel.; UF, CU; 

1; E814 
Dioscorea villosa L.; UF; 1; E827 

IR1DACEAE 
Sisyrinchium angustifolium Mill.; TF; 1 

JUNCACEAE 
Juncus acuminatus Michx.; SU, TF; 2; E728a 
Juncus bijlorus Ell.; UF, SU, CU; E729, El005 
Juncus brachycarpus Engelm.; SU, PR; 2; E998 
Juncus diffusissimus Buckl.; TF, CU; 2; E3110 
Juncus dudleyi Wieg.; UF, SU, CU; 2; E953 
Juncus effusus L. var. solutus Fern. & Wieg.; UF, 

SU; 2; E768 
Juncus interior Wieg.; UF, SU, CU, PR; 3; E971, 

El 003 
Juncus tenuis Willd.; UF, SU; 3; E680, E999 

LEMNACEAE 
Lemna obscura (Austin) Daubs; OL; 5 
Spirodela polyrhiza (L.) Schleiden; OL; 2 

LILIACEAE 
Allium canadense L.; CU; 1; E649 
* Allium vineale L.; CU, SU; 1; E649 
* Asparagus officinalis L.; CU; 1 
Erythronium albidum Nutt.; TF, UF; 2 
Erythronium americanum Ker.; TF; 1; E874 
*Hemerocallis fulva (L.) L.; CU, SU; 1 
*Ornithogalum umbellatum L.; CU; 2; E2086 
Polygonatum commutatum (Schult.) A. Dietr.; 

UF; 3 
Smilacina racemosa (L.) Desf.; UF; 3; E704 
Trillium recurvatum Beck; UF; 3; E025, E875 
Uvularia grandijlora Sm.; UF; 3; E023, E897 

NAJADACEAE 
Najas quadalupensis (Spreng.) Magnus; OL; 3; 

E1036 

ORCHIDACEAE 
Aplectrum hyemale (Willd.) Nutt.; UF; 2 

Galearis spectabilis (L.) Raf.; UF; 1 
Liparis lilifolia (L.) Rich.; UF; 1; E954 
Platanthera peramoena (Gray) Gray; UF, TF; 1 
Spiranthes cernua (L.) Rich.; SU; 1; E2006 

POACEAE 
Agrostis alba L.; SU; 3; E681 
Agrostis hyemalis (Walt.) BSP.; PR, CU, SU, 2; 

E677a 
Agrostisperennans (Walt.) Tuckerm.; PR; 2; 

E812 
Alopercurus carolinianus Walt.; CU; 2; E911 
Andropogon elliotii Chapm.; SU; 1; E2023 
Andropogon gerardii Vitman; PR, SU; 5; E1081 
Andropogon virginicus L.; SU, CU; 3; E2008 
Aristida oligantha Michx.; CU; 2; E1093 
*Bromus commutatus Schrad.; UF; 2; E677 
Bromuspubescens Muhl.; UF; 2; E709 
*Bromus tectorum L.; UF; 2; E913 
Cinna arundinacea L.; TF, UF, SU; 3; E774 
*Dactylis glomerata L.; CU; 3; E615 
Danthonia spicata (L.) Roem. and Schultes; CU, 

UF; 5; E974 
Dichanthelium acuminatum (Sw.) Gould & Clark 

var. lindheimeri (Nash) Gould & Clark; CU, 
SU; 2; E633 

Dichanthelium boscii (Poir.) Gould & Clark; UF; 
3; E815 

Dichanthelium clandestinum (L.) Gould; TF, CU; 
3; E824 

Dichanthelium joori (Vasey) Mohlenbr.; TF; 1; 
E825 

Dichanthelium latifolium (L.) Gould & Clark; UF, 
SU; 2; E789 

Dicanthelium microcarpon (Muhl.) Mohlenbr.; 
TF; 2; E947 

Dichanthelium scoparium (Lam.) Gould; TF; 1; 
E734 

Dicanthelium villosissimum (Nash) Freckmn. var. 
praecocius (Hitchc. & Chase) Freckmn.; CU; 2 

*Digitaria ciliaris (Retz.) Koel; CU; 3 
Digitaria filiformis (L.) Koel; CU; 2 
* Digitaria ischaemum (Schreb.) Muhl.; CU; 3; 

E806 
* Digitaria sanguinalis (L.) Scop.; CU; 3; E1017 
*Echinochloa crus-galli (L.) Beauv.; CU; 3; 

E1088 
*Eleusine indica (L.) Gaertn.; CU; 3; E741 
Elymus canadensis L.; SU, UF; 3; E706 
Elymus hystrix L.; UF; 2; E59 
Elymus villosus Muhl.; TF; 2; E706 
Elymus virginicus L.; SU, UF; 2; E823 
Eragrastis pectinacea (Michx.) Nees; CU; 3; 

E3124 
Eragrostis spectabilis (Pursh) Steud.; PR, CU, 

SU; 2; E848 
Festuca obtusa Biehler; CU; 2; E931 
*Festucapratensis Huds.; CU; 3; E939 
Festuca rubra L.; CU; 2; E974 
Glyceria striata (Lam.) Hitchc.; TF, FS; 3; E973, 

E992 
Hordeum pusillum Nutt.; CU; 2; E936 
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Leersia lenticularis Michx.; CU, TF; 2; E078 
Leersia oryzoides (L.) Swartz; CU, TF; 2; E852 
Leersia \irginica Willd.; TF, SU; 3; E817 
Leptoloma cognatum (Schult.) Chase; CU; 2 
Muhlenbergiafrondosa (Poir.) Fern.; CU, SU, 

TF; 3; E2016 
Muhlenbergia schreberi J.F. Gmel.; CU, SU; 3; 

E2015 
Muhlenbergia sobolifera (Muhl.) Trin.; UF; 2; 

E3033 
Muhlenbergia sylvatica (Torr.) Torr.; UF; 2; 

El 042 
Panicum anceps Michx.; TF; 3; E2004 
Panicum virgatum L.; PR; 4; El091 
Paspalum laeve Michx.; CU; 2; E037 
Paspalum ciliatifolium (Michx.) var. muhlenber- 

gii (Nash) Fern.; CU, SU; 2; E1027 
*Phleum pratense L.; CU; 2; E658 
*Poa annua L.; CU, SU; 4; E3180 
*Poa compressa L.; CU; 4; E952 
*Poapratensis L.; CU, SU, UF; 5; E907, E951 
Poa sylvestris Gray; TF; 4; E3181 
Schizachyrium scoparium (Michx.) Nash; SU; 1; 

E850 
*Setaria faberi Herrm.; CU; 4; E669 
Setaria glauca (L.) Beauv.; CU, SU; 3; E780 
* Sorghum bicolor (L.) Moench.; CU; 3; E1082 
Sorghastrum nutans (L.) Nash; PR; 5; E842 
Tridensflavus (L.) Hitchcock; CU, SU; 3; E747 
*Triticum aestivum L.; CU; 3; E941 
*Zea mays L.; CU; 4 

POTAMOGETONACEAE 
*Potamogeton crispus L.; OL; 3; E914 
Potamogeton nodosus Poir.; OL; 3; E963 

SMILACACEAE 
Smilax ecirrhata Kunth; UF; 1; E827 
Smilax hispida Muhl.; SU, TF, UF; 3; E837 
Smilax lasioneuron Hooker; UF; 1; E2095 
Smilax pulverulenta Michx.; UF; 1; E1012 

TYPHACEAE 
Typha angustifolia L.; OL; 1; E961 
Typha latifolia L.; OL; 3 

SPERMATOPHYTA: ANGIOSPERMAE 

DICOTYLENDONEAE 

ACANTHACEAE 
Ruellia strepens L.; TF; 2; E816 

ACERACEAE 
Acer negundo L.; TF; SU; 2; E1077 
Acer rubrum L.; CU, SU, TF; 3; E2083 
Acer saccharinum L.; TF, CU, SU; 2; E2081 
Acer saccharum Marsh.; UF, SU, CU; 3 

ANACARD1ACEAE 
Rhus glabra L.; SU; 2; E619 

Toxicodendron radicans (L.) Kuntze; UF, TF, 
CU, SU, PR; 4; E628 

ANNONACEAE 
Asimina triloba (L.) Dunal; UF, TF; 2; E686 

APIACEAE 
Chaerophyllum procumbens (L.) Crantz.; TF; 2; 

E2077 
Cicuta macu/ata L.; CU; 2; E749 
Cryptotaenia canadensis (L.) DC.; TF, SU; 2; 

E602 
*Daucus carota L.; CU; 3; E611 
Erigenia bulbosa (Michx.) Nutt.; TF, UF; 2; E863 
Osmorhiza longistylis (Torr.) DC.; UF, TF, SU; 3; 

E889 
Sanicula canadensis L.; UF, SU; 3; E776 
Sanicula gregaria Bickn.; UF, SU; 2; E2001 
Sanicula trifoliata Bickn.; TF; 2; E996 

APOCYNACEAE 
Apocynum cannabinum L.; CU, SU, PR; 2; E621 

AQUIFOLIACEAE 
Ilex decidua Walt.; TF, SU; 1; E985 
Ilex opaca Ait.; SU; 2; E882 

ARALIACEAE 
Panax quinguefolius L.; UF; 1 

ARISTOLOCHIACEAE 
Asarum canadense L. var. reflexum (Bickn.) 

Robins; TF; 2; E868 
Aristolochia serpentaria L.; TF; 1; E956 

ASCLEPIADACEAE 
Asclepias hirtella (Pennell) Woodson; SU, CU; 1; 

E777 
Asclepias incarnata L.; OL, CU, PR; 2; E750 
Asclepias syriaca L.; CU; 2 
Asclepias tuberosa L. spp. interior Woodson; SU; 

1; E620 
Asclepias verticillata L.; CU, SU; 1; E738 

ASTERACEAE 
* Achillea millefolium L.; CU, SU, PR; 3; E618 
Ambrosia artemisiifolia L.; CU, SU, UF; 3; E639 
Ambrosia bidentata Michx.; CU, SU; 2; E841 
Antennaria neglecta Greene; CU, SU, UF; 4; E 

014, E940 
Antennariaplantaginifolia (L.) Richards; CU; 2; 

El 14 
* Artemisia annua L.; CU; 1; E3043 
Aster ericoides L. var. prostratus (Ktze.) Blake; 

CU, SU; 2 
Aster lateriflorus (L.) Britt.; TF, SU, CU; 3; E851 
Aster novae-angliae L.; SU; 1; E547 
Aster ontarionis Wieg.; TF, CU; 2; E2017 
Aster patens Ait.; UF; 1; E805 
Asterpilosus Willd.; CU, SU; 4; E843, E858 
Aster x sagittifolius Wedem.; UF; 2; E2000 
Aster shortii Lindl.; UF; 2; E804 
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Aster vimineus Lam.; UF; 2; E1087 
Bidens aristosa (Michx.) Britt.; CU, SU, TF; 4; 

E853 
Bidens frondosa L.; TF; 2; E3103 
Bidens tripartita L.; TF; 2; E3108 
Boltonia asteroides (L.) L'Her; CU, PR; 2; E840 
Cacalia atriplicifolia L.; UF, SU; 1; E790 
*Cichorium intybus L.; CU; 1 
Cirsium discolor (Muhl.) Spreng.; CU, SU; 2; 

E849 
Cirsium altissimum (L.) Spreng.; SU, UF; 2; 

E3105 
Conyza canadensis (L.) Cronq.; CU; 4; E782 
Coreopsis lanceolata ; CU; 1; E663 
Echinacea pallida Nutt.; CU; 1; E662 
Ecliptaprostrata (L.) L.; CU; TF; 3; E3113 
Elephantopus carolinianus Raeusch; UF, CU; 2; 

El 046 
Erechtites hieracifolia (L.) Raf.; TF, CU, SU; 2; 

E810 
Erigeron annuus (L.) Pers.; CU, SU, UF; 3; E651 
Erigeron philade/phicus L.; TF; 2; E905 
Erigeron strigosus Muhl.; CU, SU; 3; E934 
Eupatorium fistulosum Barratt; CU, SU; 2; E784, 

E1037 
Eupatorium perfoliatum L.; SU, CU, PR; 2; E847 
Eupatorium purpureum L.; CU, SU; 2; E1038 
Eupatorium rugosum Houtt.; UF, SU, CU; 3; 

E775, E788 
Eupatorium serotinum Michx.; SU, CU; 3; E845 
Euthamia graminifolia (L.) Salisb.; CU, SU, PR; 

2; E835 
Gnaphalium obtusifolium L.; CU; 2; E846 
Gnaphalium purpureum L.; SU; 2; E940 
Helenium flexuosum Raf.; CU; 2; E666 
Helianthus divaricatus L.; UF; 2; E772 
Heliopsis helianthoides (L.) Sweet; UF; 1; E766 
Hieracium gronovii L.; SU, CU, UF; 3; E1001 
Hieracium longipilum Torrey; SU, CU; 2; E745, 

E982 
Hieracium scabrum Michx.; SU; 2; E831 
Krigia dandelion (L.) Nutt.; CU; 3; E2097 
*Leucanthemum vulgare Lam.; CU, SU; 2; E95, 

E634 
Lactuca canadensis L.; CU, SU, UF; 3; E771, 

El 000 
Lactuca floridana (L.) Gaertn.; CU, SU, UF; 2; 

E1029 
* Lactuca serriola L.; CU, SU; 2; E979 
Liatris aspera Michx.; UF, SU; 2; E3100 
Liatris scabra (Greene) K. Schum.; SU; 1; E829 
Liatris squarrosa (L.) Michx.; SU, CU; 2; E719, 

E994 
Liatris pycnostachya Michx.; CU; 1 
Prenanthes altissima L.; UF; 1; E833 
Pyrrhopappus carolinianus (Walt.) DC.; SU; 2; 

E978 
Rudbeckia hirta L.; CU, SU, PR; 2; E625 
Senecio glabellus Poir.; CU, TF; 3; E908 
Solidago caesia L.; TF, UF; 2; E801, E1098 
Solidago canadensis L.; CU, SU, PR; 3; E844 
Solidago missouriensis Nutt.; PR; 1; E787 

Solidago nemoralis Ait.; CU, SU; 2 
Solidago juncea Ait.; CU, SU, UF; 2; E770 
Solidago rugosa Mill.; TF; 1 
Solidago ulmifolia Muhl.; UF, SU; 2; E807 
*Sonchus asper (L.) Hill.; CU; 2; E778 
* Taraxacum officinale Weber; CU, SU, UF, PR; 

4; E861 
*Tragopogon prate ns is L.;CU;2;E987 
Verbesina helianthoides Michx.; UF; 1 
Vernonia gigantea (Walt.) Trel.; PR; 1; E773 

BALSAMINACEAE 
Impatiens capensis Meerb.; FS, TF, CU, UF; 3; 

E1019a 

BERBERIDACEAE 
*Berberis thunbergii DC.; UF; 1; E3172 
Podophyllum peltatum L.; UF; 4 

BETULACEAE 
Betula nigra L.; TF, CU; 3; E616 

BIGNONIACEAE 
Campsis radicans (L.) Seem.; SU, CU, PR; 2; 

E702 
Catalpa speciosa (Warder.) Englem.; CU; 2 

BORAGINACEAE 
*Bug/ossoides arvense (L.) I.M. Johnston; CU; 4; 

E885 
Cynoglossum virginianum L.; UF; 2; E600 
Hackelia virginiana (L.) I.M. Johnston; UF, TF, 

SU; 3; E708 
Mertensia virginica (L.) Pers.; UF; 3; E2025 
Myosotis verna Nutt.; CU, SU; 4; E910 

BRASSICACEAE 
*Barbarea vulgaris R. Br. var. arcuata (Opiz) 

Fries.; CU; 3; E883 
*Berteroa incana (L.) DC; CU; 2; E933 
*Capsella bursa-pastor is (L.) Medic.; CU; 3; 

E870 
Cardamine bulbosa (Schreb.) BSP.; TF, UF; 3; 

E890 
*Cardamine hirsuta L.; CU, TF, 3; E866 
Cardamine pensylvanica Muhl.; CU, TF; 3; 

E2079 
*Eriophila verna (L.) Chev. spp. praecox (Ste¬ 

vens) S.M. Walters; CU; 5; E865 
Dentaria laciniata Muhl.; UF; 4; E862 
*Lepidium densiflorum Schrad.; CU; 3; E937 
*Lepidium virginicum L.; CU; 4; E700 
*Thlaspi arvense L.; CU; 3; E670 

CAESALPINIACEAE 
Cassiafasciculata Michx.; CU, SU, PR; 2; E733 
Cercis canadensis L.; UF, TF, SU, CU; 3; E687 
Gleditsia triacanthos L.; TF, CU; 2; E1080 

CALLITR1CHACEAE 
Calii trie he terrestris Raf.; CU; 3; E3022 
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CAMPANULACEAE 
Campanula americana L.; SU, CU, UF, TF; 2; 

E683 
Lobelia cardinalis L.; OL, CU; 1; El022 
Lobelia inflata L.; SU, CU, UF; 2; E657 
Lobelia siphilitica L.; SU, CU, TF, FS; 1; E793 
Triodanis perfoliata (L.) Nieuwl.; CU; 2; E097 

CAPRIFOLIACEAE 
*Lonicera japonica Thunb.; SU, CU, UF, TF; 5; 

E688 
*Lonicera maackii (Rupr.) Maxim.; SU, CU, UF, 

TF; 5; E906 
*Lonicera sempervirens L.; CU; 1; E927 
Sambucus canadensis L.; SU, CU, UF, TF; 2; 

E962 
Symphoricarpos orbiculatus Moench.; UF, CU, 

SU; 3 
* Virburnum opulus L.; TF, UF; 1; E818 
Viburnum prunifolium L.; UF; 2; E987 
Viburnum recognitum Fern.; TF, UF; 1; E1032 

CARYOPHYLLACEAE 
*Arenaria serpyllifolia L.; CU; 4; E3175 
*Cerastium glomeratum Thuill.; CU; 4; E3179 
*Cerastium vulgatum L.; CU; 4; E3171 
*Dianthus armeria L.; CU, SU, PR; 2; E654 
*Holosteum umbellatum L.; CU; 2; E3174 
*Saponaria officinalis L.; CU; 1 
Silene antirrhina L.; CU, SU; 5; E3173 
Silene stellata (L.) Ait.; UF, SU; 3; E758 
*Stellaria media (L.) Vill.; TF, SU; 3; E864 

CELASTRACEAE 
Celastrus scandens L.; UF, SU, CU; 2; E1013 
*Euonymus alata (Thunb.) Sieb.; UF, TF; 1; E715 
* Euonymus fortunei (Turcz.) Hand.-Maz.; CU, 

UF; 2; E984 
Euonymus obovata Nutt.; UF; 1; E1015 

CHENOPODIACEAE 
Chenopodium album L.; CU; 1 

CONVOLVULACEAE 
Calystegia sepium (L.) R. Br. spp. americana 

(Sims) Brummitt; CU, SU; 2; E730 
Ipomoea hederacea (L.) Jacq.; CU, SU; 2; E1083 
Ipomoea lacunosa L.; CU, SU; 2; E1085 
Ipomoeapandurata (L.) G.F.W. Mey; CU, SU; 2; 

E785, E977 

CORNACEAE 
Cornus florida L.; UF, SU, CU; 3; E891 
Cornus drummondii C. A. Mey.; TF, SU; 2; E655 

CORYLACEAE 
Carpinus caroliniana Walt.; UF, TF; 3 
Corylus americana Walt.; SU; 2; E2076 
Ostrya virginiana (Mill.) K. Koch; UF; 3 

CUSCUTACEAE 
Cuscuta gronovii Willd.; CU, SU, TF; 3; E3028 

EBENACEAE 
Diospyros virginiana L.; SU, CU, UF; 3 

ELAEAGNACEAE 
*Elaeagnus umbellata Thunb.; SU, CU, UF, TF; 

5; E617 

EUPHORBIACEAE 
Acalypha rhomboidea Raf.; CU, SU; 3; E698 
Acalypha virginica L.; CU, SU; 3; E698a 
Chamaesyce maculata (L.) Small; CU; 3; E809 
Chamaesyce supina (Raf.) Moldenke; CU; 3; 

E3025 
Croton capitatus Michx.; SU; 1; E728 
Euphorbia corollata L.; SU, PR; 3; E640 

FABACEAE 
Amorpha canescens Pursh.; CU; 1; E652 
Apios americana Medic.; TF, CU; 1 
*Coronilla varia L.; CU; 1; E943 
Crotalaria sagittalis L.; SU; 1; E735 
Desmodium nudiflorum (L.) DC.; UF; 3; E692 
Desmodiumpaniculatum (L.) DC.; SU; 1; El048 
Desmodiumpauciflorum (Nutt.) DC.; UF; 1; 

El 047 
*Kummerowia striata (Thunb.) Schindle; CU; 5; 

El 025 
*Lespedeza cuneata (Dum.-Cors.) G. Don.; CU; 

2; E795 
Lespedeza virginica (L.) Britt.; SU, CU, UF; 2; 

E2007 
*Medicago lupulina L.; CU, SU; 3; E613 
*Medicago sativa L.; CU; 1 
*Melilotus alba Medikc.; CU, SU; 3; E638 
*Melilotus officinalis (L.) Pallas; CU, SU; 2; 

E612 
*Robinia pseudoacacia L.; CU, SU, UF; 2; E3004 
*Trifolium campestre Schreb.; CU, SU; 3; E99, 

E604 
* Trifolium pratense L.; CU; 3; E644 
*Trifolium repens L.; CU, SU; 3; E643 

FAGACEAE 
Quercus alba L.; UF, TF, SU, CU, FS; 5 
Quercus bicolor Willd.; TF; 1; E703 
Quercus imbricaria Michx.; SU, CU, UF; 3; E641 
Quercus macrocarpa Michx.; TF; 1 
Quercus x bushii Sargent; UF; 1; E718 
Quercuspalustris Muenchh.; TF, SU; 2; E632 
Quercusprinoides Willd. var. acuminata (Michx.) 

” Gl.; UF; 2; E695 
Quercus rubra L.; UF, TF; 3; E711 
Quercus stellata Wangh.; UF; 2; E834 
Quercus velutina Lam.; UF, SU, CU; 3 

GENTIANACEAE 
Fraser a caroliniensis Walt.; UF; 3; E924 
Sabatia angularis (L.) Pursh.; CU, SU; 3; E732 

GERANIACEAE 
Geranium carolinianum L.; CU, SU; 2; E944 
Geranium macula turn L.; UF; 3; E892 
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HAMAMELIDACEAE 
Liquidambar styraciflua L.; TF, CU, SU; 2; E626 

HYDRANGEACEAE 
Hydrangea arborescens L.; FS, UF; 3 

HYPERICACEAE 
Hypericum mutilum L.; UF; 1; E976a 
*Hypericumperforatum L.; CU, SU, PR; 3; E712 
Hypericumpunctatum Lam.; CU, SU, PR; 3; 

E645, E714 
Hypericum prolificum L.; SU; 2; E731 

JUGLANDACEAE 
Carya cordiformis (Wang.) K. Koch; UF, SU, 

CU; 3; E1075 
Carya glabra (Mill.) Sweet; UF, CU, SU; 4; E710 
Carya ovata (Mill.) K. Koch; UF, CU, SU; 5 
Carya tomentosa (Poir.) Nutt.; UF; 3; E598 
Juglans nigra L.; TF, UF, SU, CU; 2; E682 

LAMIACEAE 
Agastache nepetoides (L.) Ktze.; SU, UF; 2; 

E802, E822 
Blephilia ciliata (L.) Benth.; UF; 2 
Hedeomapulegioides (L.) Pers.; CU; 2; E3102 
*Lamium amplexicaule L.; CU; 3; E871 
*Lamium purpureum L.; CU, SU; 3; E2021 
*Leonurus cardiaca L.; CU; 2; E701 
Lycopus americanus Muhl.; TF, CU; E854, E3111 
Lycopus virginicus L.; TF, CU; 2; E3107 
Monadra bradburiana Beck.; SU, UF, CU; 2; 

E599 
* Prunella vulgaris L. var. elongata Benth.; CU; 

3; E650 
Pycnanthemum incanum (L.) Michx.; SU; 2; E854 
Pycnanthemum pilosum Nutt.; SU, CU; 2; E722, 

E760 
Pycnanthemum tenuifolium Schrad.; SU, CU, PR; 

3; E646 
Scutellaria incana Biehler; UF; 2; E757 
Scutellaria lateriflora L.; TF; 3; E756 
Scutellaria ovata Hill; UF; 3; E1024 
Stachys tenuifolia Willd.; TF, UF, SU; 2; E743 
Teucrium canadense L. var. virginicum (L.) Eat.; 

TF, SU, CU; 3; E755 

LAURACEAE 
Lindera benzoin (L.) Blume; FS, TF, SU; 3; E689 
Sassafras albidum (Nutt.) Nees; UF, SU, CU, PR; 

3; E614 

LINACEAE 
Linum medium (Planch.) Britt, var. texanum 

(Planch.) Fern.; SU, CU; 2; E717 

LYTHRACEAE 
Ammannia coccinea Rottb.; TF; 2 

MAGNOLIACEAE 
Liriodendron tulipifera L.; UF, TF; 3; E690 

MALVACEAE 
*Abutilon theophrastii Medic.; CU; 2; E3120 
*Sida spinosa L.; CU; 2; E3123 

MENISPERMACEAE 
Menispermum canadense L.; UF, SU; 2; El008 

MOLLUGINACEAE 
*MoIlugo verticillatus L.; TF, CU; 3; E3125 

MORACEAE 
Humulus lupulus L.; UF; 1; E993 
*Maclurapomifera (Raf.) Schneider; SU; 1 
*Morus alba L.; SU, CU; 1; E2080 
Morus rubra L.; SU, CU; 2; E635 

NELUMBONACEAE 
Nelumbo lutea (Willd.) Pers.; OL; 1; E3115 

NYMPHAEACEAE 
Nuphar luteum (L.) Sibth. & Smith spp. macro- 

phyllum (Dur.) Beal; OL; 2; E2096 

NYSSACEAE 
Nyssa sylvatica Marsh.; UF, TF; 3 

OLEACEAE 
*Forsythia suspensa (Thunb.) Vahl.; UF; 2 
Fraxinus americana L.; UF, TF, CU; 3; E3117 
Fraxinuspennsylvanica Marsh.; UF, TF, SU, CU; 

3; E691 

ONAGRACEAE 
Circaea lutetiana Aschers. & Magnus spp. 

canadensis (L.) Aschers & Magnus; UF, TF, 
SU; 3; E656 

Ludwigia alternifolia L.; SU, CU, PR; 3; E995 
Ludwigia peploides (HBK.) Raven spp. glabres- 

cens (Ktze.) Raven; OL; 3; E697 
Oenothera biennis L. var. canescens Torr. & 

Gray; CU, SU;3;E781 

OXALIDACEAE 
Oxalis dillenii Jacq.; CU, SU, UF, TF; 3; E671 
Oxalis stricta L.; CU, SU, UF, TF; 3; E725 
Oxalis violacea L.; UF; 3; E892 

PAPAVERACEAE 
Dicentra cucullaria (L.) Bemh.; UF; 4; E013 
Sanguinaria canadensis L.; UF; 3; E879 

PASSIFLORACEAE 
Passiflora lutea L. var. glabriflora Fern.; UF, SU; 

2; E736 

PHRYMACEAE 
Phryma leptostachya L.; UF; 3; E627 

PHYTOLACCACEAE 
Phytolacca americana L.; CU, SU, UF, TF; 2; 

E637 
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PLANTAGINACEAE 
Plantago aristata Michx.; CU; 1; E727 
*Plantago lanceolata L.; CU, SU; 3; E647, E1019 
*Plantago rugelii Dene.; CU, SU; 3; E623, E726 
Plantago virginica L.; CU, SU; 3; E928 

PLATANACEAE 
Platanus occidentalis L.; TF, CU, SU, UF; 2; 

E693 

POLEMONIACEAE 
Phlox divaricata L. spp. laphamii (Wood) 

Wherry; UF; E021 
Phloxpanicu/ata L.; TF; 2; E983 
Polemonium reptans L.; UF, TF; 2 

POLYGALACEAE 
Polygala sanguinea L.; SU, CU, PR; 2; E659 
Polygala verticillata L.; SU; 1; E673 

POLYGONACEAE 
*Fagopyrum esculentum Moench.; CU; 3; E966 
Polygonum arifolium L. var. pubescens (Keller) 

Fern.; FS; 3 
* Polygonum aviculare L.; TF; 2; E3027 
* Polygonum cespitosum Blum. var. longisetum 

(DeBruyn) Stewart; OL, CU; 2; E3121 
Polygonum hydropiperoides Michx.; TF, CU; 2; 

E765 
* Polygonum persicaria L.; TF; 3; E3121 
Polygonum punctatum Ell.; TF, CU; 3; E796 
Polygonum scandens L.; CU, SU, UF; 2; E2011 
Polygonum setaceum Baldw. var. interjectum 

Fern.; CU; 3; E1031 
Polygonum sagittatum L.; OL; 3; E746 
Polygonum xirginianum L.; UF, SU, CU; 3; 

E2002 
*Rumex acetosella L.; CU; 5; E672 
Rumex altissimus Wood.; TF, CU; 2; E945 
*Rumex crispus L.; CU, SU; 3; E674 

PORTULACACEAE 
Claytonia virginica L.; UF, TF, SU, CU; 5; E005 
*Portulaca oleracea L.; CU; 3; E3031 

PRIMULACEAE 
*Lysimachia nummularia L.; TF; 3; E739 
Samolus valerandii L.; TF; 2; E819 

PYROLACEAE 
Monotropa uniflora L.; UF; 1 

RANUNCULACEAE 
Actaeapachypoda Ell.; UF, TF; 2; E694 
Anemone xirginiana L.; UF; 2; E767, El095 
Delphinium tricorne Michx.; UF; 4; E022 
Isopyrum biternatum (Raff.) Torr. & Gray; TF; 3; 

E877 
Ranunculus abortixus L.; TF, CU, SU; 2; E881 
Ranunculus recurxatus Poir.; TF; 1; E895 
Ranunculus sceleratus L.; TF, SU, CU; 2; E3001 

Ranunculus septentrionalis Poir.; TF, FS; 2 
Thalictrum dioicum L.; UF; 2; E872 

ROSACEAE 
Agrimoniaparxiflora Ait.; TF, SU, CU; 3; E753 
Agrimonia rostellata Wallr.; UF, SU, CU; 3; 

E752, E791 
Amelanchier arborea (Michx. f.) Fern.; UF, SU; 

2; E012 
Fragaria xirginiana Duchesne; SU, CU, PR; 2 
Geum canadense Jacq.; UF, TF, SU, CU; 2; E631, 

E751 
Geum laciniatum Murr. var. trichocarpum Fern.; 

SU, CU; 2 
Geum xernum (Raf.) Torr. & Gray; SU, CU, UF; 

2; E899 
Porteranthus stipulatus (Muhl.) Britt.; UF, SU, 

CU; 3; E737 
Potentilla simplex Michx.; SU, CU, UF, PR; 3; 

E903 
* Prunus mahaleb L.; CU; 1; E900 
Prunus mexicana S. Wats.; SU; 1; E3038 
Prunus serotina Ehrh.; UF, SU, CU; 3; E642 
*Rosa multiflora Thunb.; SU, CU, UF, TF; 4; 

E3005 
Rosapalustris Marsh.; FS, TF; 2; E665, E716 
Rosa setigera Michx.; TF; 1; E964 
Rubus allegheniensis Porter; CU, SU, PR; 3; E915 
Rubus flagellaris Willd.; SU, CU, PR, UF; 3; 

E901 
Rubus frondosus Bigel.; CU, SU; 2 
Rubus occidentalis L.; SU, CU, UF; 2; E636 
Rubus pensylxanicus Poir.; SU, CU; 2; E661 

RUBIACEAE 
Cephalanthus occidentalis L.; OL; 2; E748 
Diodia teres Walt.; CU, SU; 2; E1014 
Galium aparine L.; UF, TF, SU, CU; 3; E705 
Galium asprellum Michx.; UF, CU, FF; 3; E3112 
Galium circaezans Michx.; UF; 4; E707 
Galium concinnum Torrey & Gray; UF, SU; 2; 

El 040 
Galium triflorum Michx.; TF; 2; E1041 
Hedyotis caerulea (L.) Hook.; CU; 3; E883a 
Hedyotis crassifolia Raf.; CU, SU; 2; E2019 

SALICACEAE 
Populus deltoides Marsh.; TF; 2 
Salix humilis Marsh.; SU; 1; E660 
Salix nigra Marsh.; TF, OL; 2 

SAURURACEAE 
Saururus cernuus L.; FS, TF; 2; El096 

SAXIFRAGACEAE 
Heuchera americana L. var. hirsuticaulis 

(Wheelock & Rosend.) Butt. & Lak.; 
SU, CU, UF; 3; E3126 

Penthorum sedoides L.; CU, TF, SU; 2; E754 

SCROPHULARIACEAE 
Agalinis paupercula (Gray) Brigg.; CU; 1; E1079 



Agalinis purpurea (L.) Pennell; SU, PR, CU; 3; 
El 079 

Chelone glabra L.; FS; 1; E799 
Dasistoma macrophylla (Nutt.) Raf.; SU; 1; 

E1011 
Gratiola neglecta Torr.; OL; 2 
Mimulus alatus Ait.; TF, SU; 1; E744 
Penstemon digitalis Nutt.; SU, CU, UF; 2; E610 
Scrophularia marilandica L.; SU; 1; E828 
*Verbascum blattaria L.; CU; 1 
* Verbascum thapsus L.; CU; 2; E667 
* Veronica arvensis L.; CU, SU; 3; E932 
Veronicaperegrina L.; CU, SU; 3; E909 
* Veronicapersica Poir.; CU, 3; E3170 
* Veronica polita Fries; CU; 4; E3170 
Veronicastrum virginicum (L.) Farw.; UF, SU; 1; 

E836 

SIMAROUBACEAE 
*Ailanthus altissima (Mill.) Swingle; CU, UF; 1 

SOLANACEAE 
* Datura stramonium L.; CU; 2; E3116 
Physalis heterophylla Nees; CU; 1; E1007 
Solanum carolinense L.; CU; 3; E950 
Solanum ptycanthum Dunal.; CU, SU; 2; E3035 

STAPHYLEACEAE 
Staphylea trifolia L.; FS, TF, UF; 2 

ULMACEAE 
Celtis occidentalis L.; TF, UF, SU, CU; 2 
Ulmus americana L.; UF, TF, SU, CU; 2 
Ulmus rubra Muhl.; UF, TF, SU, CU; 4; E821 

URTICACEAE 
Boehmeria cylindrica (L.) Sw.; TF, SU; 2; E762, 

E991 
Parietariapensylvanica Muhl.; TF, SU, UF; 2; 

E675, E698 
Pileapumila (L.) Gray; TF, UF, CU; 3; E803 
Laportea canadensis (L.) Wedd.; TF; 3 

VERBENACEAE 
Phyla lanceolata (Michx.) Greene; TF, CU; 3; 

El 006 
Verbena hastata L.; CU, SU, PR; 3; E724 
Verbena urticifolia L.; SU, CU; 2; E648, E980 

VIOLACEAE 
Viola pratincola Greene; UF; 3 
Viola pubescens Ait. var. eriocarpa (Schwein.) 

Russell; UF, TF; 3; E024, E880 
* Viola rafinesquii Greene; CU; 3; E884 

VITACEAE 
Ampelopsis cordata Michx.; TF; 2 
Parthenocissus quinquefolia (L.) Planch.; UF, TF, 

SU; 3; E636 
Vitis aestivalis Michx.; UF, TF, SU, CU; 2; E653, 

E721 
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ABSTRACT 

Flatwoods with an overstory dominated by Quercus palustris Muenchh. (pin oak) and Q. 

bicolor Willd. (swamp white oak) are rare in Illinois. In this forest cover type these two 

oak taxa usually account for more than 75% of the basal area and density, and have a 

combined importance value of 140 to 190 out of a possible 200. Other tree species that 

are occasionally encountered include Q. stellata Wangh. (post oak), Ulmus americana L. 

(American elm), Carya ovata (Mill.) K. Koch (shagbark hickory) and Diospyros virgini- 

ana L. (persimmon). The woody understory contains seedlings and saplings of pin and 

swamp white oak, indicating a self perpetuating community type as long as the hydrology 

does not change significantly. 

INTRODUCTION 

Flatwood forests are common throughout the midwestern United States. The forest cover 

type having post oak (Quercus stellata Wangh.) as the dominant species is referred to as 

Southern Flatwoods by White and Madany (1978). It is common throughout much of the 

Midwest from Ohio to Missouri, and is particularly abundant on the Illinois till plain 

(Braun 1950, Schwegman 1973, Fralish 1988, Coates et al. 1992, Taft et al. 1995). These 

flatwoods once covered approximately 2.25 million ha in southern Illinois (Telford 

1926). 

Occasionally associated with these post oak flatwoods are extremely wet sites where pin 

oak (Quercus palustris Muenchh.) and swamp white oak (Q. bicolor Willd.) dominate the 

overstory. This cover type, known as the Quercus palustris -(Quercus bicolor) Season¬ 

ally Flooded Forest Alliance by Drake and Faber-Langendoen (1997), shows similarity to 
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the SAF type 65, Pin Oak-Sweet Gum forest of Eyre (1980). These pin oak/swamp 

white oak flatwoods are uncommon in Illinois, occurring on extremely flat, wet soils with 

a claypan at or near the surface. This compact and impermeable soil layer impedes 

drainage and reduces root penetration. These flatwoods also have a unique herbaceous 

layer in which taxa of Cyperaceae and Poaceae dominate, but some forbs occur in low 

numbers. The present study was undertaken to determine the structure and composition 

of the woody overstory and understory of three pin oak/swamp white oak flatwoods. 

DESCRIPTION OF THE STUDY AREA 

The forests studied are located in the Effingham Plain Section of the Southern Till Plain 

Natural Division of Illinois. This section is a relatively flat plain, drained mostly by the 

Kaskaskia River, that was originally characterized by extensive prairie and post oak 

flatwoods prior to European settlement (Schwegman 1973). 

The flatwoods examined were relatively undisturbed with no signs of a timber harvest, 

but there were indications of unsuccessful attempts to drain the areas. Of the three flat- 

woods, the Venedy site was the driest, road construction and ditches caused the site to 

loose surface water faster than at the other sites. Island Grove Flatwoods was the wettest, 

surface water remaining much later into the summer. Unlike the other sites, Schuetz 

Flatwoods contained some slightly elevated areas where post oak, and Carya ovata 

(Mill.) K. Koch (shagbark hickory) were common. 

The three woods studied range from 2 to 4 ha in size, and are located on extremely level 

terrain. The soils are impervious silty clay loams to silt loams that usually have a claypan 

or fragipan at or near the surface (Bramstedt et al. 1992). Sometimes referred to as clay 

flats, these forests are seasonally wet with pooled water during the winter and spring, but 

relatively dry in summer and early fall. The soils have a shallow, perched water table, 

and surface run-off is slow or ponded. The surface and subsoil layers are usually strongly 

to very strongly acid with pH ranging from 3.5 to 5.0. 

Venedy Flatwoods 

Located at the edge of Mud Lake Road, this flatwoods is on the broad floodplain of the 

Kaskaskia River about 2.5 km N of Venedy, Washington County, Illinois (NE1/4 S22 

T1S R5W). The soils are Hurst silt loam, a somewhat poorly drained soil characterized 

by a seasonally high water table that ranges from 30 to 90 cm below the surface, and a 

subsoil that is characterized by a firm layer of clay (Sabata et al. 1998). 

Schuetz Flatwoods 

Separated from a farm field by a drainage ditch on the west side, this flatwoods is located 

close to the Kaskaskia River about 2 km N of Venedy, Washington County, Illinois 

(NE1/4 S21 T1S R5W). The soil type is the wet phase of Birds silt loam, a poorly 

drained, frequently flooded, hydric soil characterized by extensive periods of ponding of 

water throughout the winter and spring. The seasonal high water table ranges from 15 cm 

above to 25 cm below the soil surface (Sabata et al. 1998). 
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Island Grove Flatwoods 

This flatwoods is located at the south edge of a large grove of timber in the headwaters 

region between Dietrick Creek and Island Creek, 5 km NW of Wheeler, Jasper County, 

Illinois (SE1/4 S31 T8N R8E). The soil, Racoon silt loam, is poorly drained and subject 

to ponding and occasional flooding from March through June in most years. The organic 

content is low, and the subsoil is a firm silty clay loam to a depth of 1.5 m (Bramstedt et 

al. 1992). 

MATERIALS AND METHODS 

During the summer of 1998, a one ha section of each of the two flatwoods in Washington 

County was surveyed, while in 1999 a 2 ha section of the Island Grove Flatwoods was 

surveyed. In each woods, the entire flatwoods was surveyed, except for a 15 to 30 m 

buffer around each area to reduce edge effect. Each area was divided into quadrats 25 m 

on a side for ease in surveying. In each quadrat all living and dead-standing woody 

individuals 10.0 cm dbh and above were identified and their diameters recorded. From 

these data, the living-stem density (stems/ha), basal area (m2/ha), relative density, relative 

dominance, importance value (IV), and average diameter (cm) were calculated for each 

species. Determination of the IV follows the procedure used by McIntosh (1957), and is 

the sum of the relative density and relative dominance (basal area). Dead-standing stem 

density (stems/ha), basal area (m2/ha), and average diameter was also determined. 

Woody understory composition and density (stems/ha) were determined using nested 

circular plots 0.0001, 0.001, and 0.01 ha in size, randomly located at 20 meter intervals 

along line transects within the study areas. A random numbers table was used to deter¬ 

mine the number of meters the center point of the nested circular plots was located to the 

right (odd numbered plots) or to the left (even numbered plots) of the transect line. Four 

additional 0.0001 ha circular plots were located 7 m from the center point along cardinal 

compass directions. In the 0.0001 ha plot, seedlings (<50 cm tall) and all shrubs were 

counted; in the 0.001 ha circular plots small saplings (>50 cm tall and <2.5 dbh) were 

recorded; and in the 0.01 ha circular plots large saplings (2.5-9.9 cm dbh) were tallied. 

Nomenclature follows Mohlenbrock (1986). 

RESULTS AND DISCUSSION 

All three study areas were similar in overstory composition. Pin oak dominated and was 

found in all diameter classes. In the three stands studied this species had between 99 and 

152 stems/ha, a basal area between 9.72 and 19.11 m2/ha, and IV's between 80.8 and 

130.1 (Table 1). Swamp white oak ranked second in all three stands (IV's between 41.3 

and 89.2), with 46 to 100 stems/ha, and basal areas between 5.36 and 11.16 m2/ha. Of the 

remaining overstory taxa, post oak and American elm (Ulmus americana L.) were occa¬ 

sionally encountered. Post oak, which was not found at Island Grove Flatwoods, was 

represented by only 7 stems/ha at Venedy Flatwoods, but at Schuetz Flatwoods had an IV 

of 38.3, 36 stems/ha and a basal area of 5.42 m2/ha. American elm, was not encountered 

at Venedy Flatwoods, but was represented by many small diameter individuals at the 

other two stands (Table 1). Few other tree species were encountered, all being repre¬ 

sented by one or two individuals. 
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Tree mortality was relatively low, but highly variable. In the three stands examined, 

dead-standing stems ranged from 16-52 stems/ha, with the basal area ranging from 1.01- 

3.02 m2/ha (Table 2). At all sites, pin oak dominated the dead-standing category. Aver¬ 

age diameter of the dead-standing pin oak trees varied from 27.2 to 30.4 cm dbh on the 

three sites. The density of dead-standing individuals at Island Grove Flatwoods (52 

stems/ha) many be the result of prolonged flooding in recent years. 

Because woody seedlings and saplings had a low density, the understory appeared open 

in all three stands (Table 3). Both pin oak and swamp white oak seedling were found in 

many plots, sometimes in fairly high numbers, and a few saplings were also present. The 

presence of oak saplings as well as the number of individuals of these species in the 

lower diameter classes indicate their continued importance in these flatwoods. Other 

understory taxa were found in low numbers, and will probably not become important in 

the overstory as long as the hydrology of the sites does not change appreciably. 

ACKNOWLEDGMENT 

The authors would like to thank Terry Esker, Illinois Department of Natural Resources, 

for his help in locating a suitable flatwoods in Jasper County, and to Gordon C. Tucker, 

Eastern Illinois University, and Loy R. Phillippe, Illinois Natural History Survey, for help 

in species identification. 



23 

LITERATURE CITED 

Bramstedt, M.W., W.R. Kreznor, B.C. Fitch, R.T. Risley, and B.S. Simcox. 1992. Soil Survey of 
Jasper County. United States Department of Agriculture, Soil Conservation Service and Illinois 
Agricultural Experiment Station. U. S. Government Printing Office. Washington, D. C. 157 
pages + maps. 

Braun, E.L. 1950. Deciduous forests of eastern North America. Hafner Publishing Company, 
New York. 

Coates, D.T., K.J. Lyman and J.E. Ebinger. 1992. Woody vegetation structure of a post oak 
flatwoods in Illinois. Castanea 57:196-201. 

Drake, J. and D. Faber-Langendoen. 1997. An alliance level classification of the vegetation of the 
midwestem United States, The Nature Conservancy, Minneapolis, Minnesota. 397 pages. 

Eyre, F. H. (editor) 1980. Forest cover types of the United States and Canada, Society of Ameri¬ 
can Foresters, Washington, D. C. 148 pages + maps. 

Fralish, J.S. 1988. Diameter-height-biomass relationships for Quercus and Carxa in Posen Woods 
Nature Preserve. Transactions of the Illinois State Academy of Science 81:31-38. 

McIntosh, R.P. 1957. The York Woods. A case history of forest succession in southern Wiscon¬ 
sin. Ecology 38:29-37. 

Mohlenbrock, R.H. 1986. Guide to the vascular flora of Illinois. Southern Illinois University 
Press, Carbondale and Edwardsville, Illinois, viii + 507 pages 

Sabata, L.R, W.M. McCauley, K.D.Brinkman, and M.R.Gajewski. 1998. Soil Survey of Wash¬ 
ington County, Illinois. United States Department of Agriculture, Natural Resources Conserva¬ 
tion Service and Illinois Agricultural Experiment Station. U.S. Government Printing Office. 
Washington, D. C. 291 pages + maps. 

Schwegman, J.E. 1973. Comprehensive plan for the Illinois Nature Preserves System. Part 2. 
The natural divisions of Illinois. Illinois Nature Preserves Commission, Rockford, Illinois. 32 
pages + map. 

Taft, J.B., M.W. Schwartz and L.R. Phillippe. 1995. Vegetation ecology of flatwoods on the 
Illinoian till plain. Journal of Vegetation Science 6:647-666. 

Telford, C.J. 1926. Third report on a forest survey of Illinois. Illinois Natural History Survey 
Bulletin 16:1-102. 

White, J. and M.H.Madany. 1978. Classification of natural communities in Illinois. Pages 310- 
505. In: J.White (editor), Illinois Natural Areas Inventory, Technical Report. Illinois Natural 
Areas Inventory, Urbana, Illinois. 



T
ab

le
 1

. 
D

en
si

ty
 b

y
 d

ia
m

et
er

 c
la

ss
 (

st
em

s/
h
a)

, 
b
as

al
 a

re
a 

(m
2/

h
a)

, 
re

la
ti

v
e 

d
en

si
ty

, 
re

la
ti

v
e 

d
o
m

in
an

ce
, 

im
p

o
rt

an
ce

 v
al

u
e 

an
d
 a

v
er

ag
e 

di
am

e¬
 

te
r 

o
f 

th
e 

w
o
o
d
y
 s

p
ec

ie
s 

at
 t

h
re

e 
pi

n 
o
ak

/s
w

am
p
 w

h
it

e 
o

ak
 f

la
tw

o
o

d
s 

in
 I

ll
in

o
is

. 

24 

> 

© § 
Q 

73 « 2 
Vi © 
cS H m 

CQ < B 

cd cd 

+ 
o 
SO 

Os 
in 

i 
o 
n 

Vi 
© 
Vi 
Vi 
cd 

Os 
of 

i 
o 
or 

U 

Os 
co 

■ 
O 
co 

ON 
CN 

i 
O 
CN 

Os 

i 
O 

v> 
© • pH 
© 
© 
cx 

oo 

£ 
in 
X 
cn 

CN 
cn 

© 
© 

.C/5 
'© 
s 

s 
3 
© 
U 
c 
© 

% 
s 
2 

1/5 
3 
St 

r\ 
Vi 

TJ 
© 
© 

£ h> 
22 
E 

© 
s 
© 

CO Os SO CN or q CO i 
i OO of 

in co co CN co Os CN CN CO oo 
co co -'d' co CN CO CN CO CO 

co CN Os so O oo OO CO -d- or CN o co 

CN Os O d d d oo d in CO —1 o d <—4 
O OO o oo SO CO i o CO 'd- 

<N CN 

of O «n o »n or »n Os m O SO so 

Os SO O d >n in in d d d CO 
of o or CN CN o r- CN 

Os <N m o co r- ON Os CN os o in r" 

<N co co d o in »n CN oo co CN r—<' d oo 
m of o CO co o m —i 

SO so Os CN co CN so CN CN CO r-~ Os 
Os *—■; q O CN r- co Of CO Ot —1 O co >—1 CN 

r-H d or Os »n »n d d d d r_‘ Os SO 
CN CN 

Os Os r- SO Os o SO >n Os oo CO O CN SO 
O oo o Os o CO CN oo m of 

CN CN 

»n Os i 1 of co so i 1 1 O so of 
* 1 1 1 1 1 

£ W 
m oo 
X X 

oo Os 1 1 oo 

cn 

H CO co or 1 1 1 1 1 
1 

1 1 o 

Z 
0© 
U OS SO 

>—1 fH CN 

CN 
pH 

CO 
© 
© 

cn 
© 
© 

cn 

oo or j co pH 

W 

z 

o «n CO J j j J OO pH Os Os 
CN of r~l w 

cn 
CO 

Vi 

’© 
.C/l 

’© 
.3 3 

OO co <N , CO or co oo 1 CO 1 1 oo so CN 
co (N 1 SO CN 

1 1 1 
or ph ■^d- 

>> 
•h 

#s 
w 

G 3 
G 3 
© © 
u u 

oo OO i 
| j SO c co m os 1—H 1 

1 
• os © (N r- 

<N PH or © CO co 1 r~ © CO 

WD 
a 
Vi 

G 3 

23 
•""5 

Os <N j CN 

Vi 
cd 

£ so CO so >n oo CO »n 

c« 
X3 
© O oo 

*—<i CN <—i or CN o © 

c/T —i 
no 

Xi 

© 
© 
£ X d C/5 

22 
E x: 

cd 
O cd 

cd 
O 

o 0> © 
> 

cd 
O 

© w 
IS c 

E 
N 

© 

2d 

£ 

© 

© 

IS c 
o 

CJ 
<u 
Oh 
C/5 

© 
© 

O 

© 

id 

£ 

cx 
Xi 
cd 

o 

E 
a "S 

© 
3 X! 

£ 

CX 
X 
cd 

c 
cd 
© 

xc 
Ui 
cd 
rs £ c—1 

CN Vi 

"S 
T3 
3 XJ cx 

o 
c 

• pH 

S 
cd 

£ 

O 
w 
C/5 
o 

'vi u. 
© 

o 
H 

£ 
© 

cn 

cd 
O 

c 
E 
cd 

£ 

O 
•*—< 
C/5 
o 

•E 
© 
£ 

00 
i- 
cd 

JC. 

B 

Uh 
<U 

c^ 
Uh 

(U 
.— 

c 
H 

22 
Tn 
HH 

cd 
O 

c 
£ 
cd 

a. 00 CL. 0. S cn 0- < cn 0. QJ £ 00 A
m

er
ic

an
 e

lm
 

43
 

3 
—
 

—
 

—
 

—
 

46
 

0.
71
 

17
.7
 

2.
6 

20
.3
 

13
.5

 
S

h
ag

b
ar

k
 h

ic
k

o
ry
 

6 
5 

1 
—
 

—
 

—
 

12
 

0.
42
 

4.
6 

1.
5 

6.
1 

20
.7

 
O

th
er

s 
(4

 s
p

ec
ie

s)
 

2 
1 

1 
—
 

—
 

-
 

4 
0.

15
 

1.
5 

0.
7 

2.
2 

T
ot

al
s 

69
 

48
 

60
 

~4
8 

25
 

To
 

2
6
0
“
".

2
6
j6

8
 

To
oT

o 
TO

O
O
 

’m
o

 



25 

Table 2. Density (stems/ha), basal area (m2/ha), and average diameter of the dead¬ 

standing species at three pin oak/swamp white oak flatwoods in Illinois. 

Average 

Species Density Basal Area Diameter 

(stems/ha) (m2/ha) (cm) 

Venedy Flatwoods, Washington County, Illinois 

Pin oak 12 0.87 27.2 

Swamp white oak 4 0.14 19.3 

Totals 16 1.01 

Schuetz Flatwoods, Washington County, Illinois 

Pin oak 14 1.30 30.4 

Swamp white oak 5 0.19 20.5 

Post oak 2 0.39 48.5 

Totals 21 1.88 

Island Grove Flatwoods, Jasper County, Illinois 

Pin oak 27 2.11 28.9 

Swamp white oak 9 0.62 27.8 

American elm 16 0.29 14.6 

Totals 52 3.02 
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Table 3. Density (stems/ha) of the woody seedlings (<50 cm tall), small saplings (>50 

cm tall <2.5 cm dbh), and large saplings (2.5-9.9 cm dbh) at three pin 

oak/swamp white oak flatwoods in Illinois. 

Species Seedlings 

Small 

Saplings 

Large 

Saplings 

Venedy Flatwoods, Washington County, Illinois 

Swamp white oak — 56 11 

Green ash 667 — — 

Pin oak 333 167 28 

American elm — — 28 

Black cherry -- 56 — 

Totals 1000 279 67 

Schuetz Flatwoods, Washington County, Illinois 

Swamp white oak mi 111 56 

Sassafras 333 — 50 
Green ash 333 278 17 
Pin oak 333 167 17 

American elm 111 222 72 

Black cherry 111 278 33 
Others 111 56 101 

Totals 2443 1112 346 

Island Grove Flatwoods, Jasper County, Illinois 

Swamp white oak 480 — — 

Green ash 240 40 12 
Pin oak 5280 720 8 
American elm — 120 208 
Others 880 40 16 

Totals 6880 920 244 
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ABSTRACT 

We exposed eggs of the red-eared slider turtle (Trachemys scripta elegans) to short 

duration (i.e., 48 hours) changes in water potential at two embryonic ages (20 and 40 

days). Survivorship to hatching did not differ by substrate water potential or among 

treatments. Net change in egg mass, a measure of net water exchange between the egg 

and substrate, was affected by treatments. However, treatments had no effect on 

hatchling mass, carcass mass, yolk mass, or incubation period. Eggs and embryos are 

able to exploit beneficial short-term increases in water potential and withstand adverse 

ones. 

INTRODUCTION 

The microclimate within natural turtle nests varies on a daily and seasonal basis (e.g., 

Packard et al., 1985; Ratterman and Ackerman, 1989; Cagle et al., 1993). Such variation 

can influence survivorship of embryos and phenotypes of hatchlings (e.g., Cagle et al., 

1993; Packard et al., 1993). This phenotypic variation is biologically significant because 

variation in hatchling size, incubation period, and survivorship results. 
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Cagle et al. (1993) found that significant variation in water potential can occur due to 

short-term phenomena such as a single heavy rainfall. They also found water potential to 

be the best predictor of water exchange by eggs, of the length of incubation, and of 

hatchling body size in natural nests despite the daily and seasonal variation in nest tem¬ 

peratures (Cagle et al., 1993). 

We exposed eggs of the red-eared slider (Trachemys scripta elegans) to short-term (i.e., 

48 h) fluctuations in water potential by moving eggs from dry to wet substrates or vice 

versa. We investigate responses of embryos after 20 and 40 days of incubation. We ask 

whether short duration fluctuations in water potential are sufficient to influence hatchling 

phenotypes. 

METHODS AND MATERIALS 

Twenty female turtles were collected between 4 and 8 May, 1995 on their nesting migra¬ 

tions at Stump Lake, Jersey County, Illinois (Tucker, 1997). We induced oviposition 

with intramuscular injections of oxytocin (Ewert and Legler, 1978). After the eggs were 

patted dry, they were uniquely numbered with carbon ink and weighed on an electronic 

balance to 0.01 g. 

We prepared 20 individual plastic boxes (32.5 X 19.4 X 10 cm). Eight boxes contained 

the wetter substrate, a mixture of 150 g perlite and 170 ml water (-60 kPa) and twelve 

boxes received a dry mixture made from 150 g perlite and 27 ml water (-189 kPa). Water 

potential for the mixtures was determined by thermocouple psychrometry (Tucker et al., 

1998). We prepared more dry boxes because we anticipated that mortality would be 

higher on drier substrates. 

Each clutch of 12 eggs was placed into one of the 20 boxes. Thus, one box contained all 

12 eggs from a single clutch. Aluminum foil placed under the box lid retarded moisture 

loss. All eggs in each box were reweighed seven times during incubation with the final 

measurement made after 52 days incubation. 

We maintained hydration in each box by periodically reweighing the box and its contents. 

Water was added to replace water absorbed by the eggs along with water lost to evapora¬ 

tion. During incubation, all boxes were kept together at the same vertical height. Boxes 

were rotated to spread potential effects of undetected thermal gradients over all boxes 

(and clutches). Incubation temperature fluctuated as it does in natural nests. We 

recorded temperatures daily with maximum-minimum thermometers. Incubation tem¬ 

perature averaged about 29°C. 

Three experimental treatments were conducted on eggs in each box. Four eggs were 

designated as controls and remained at the same water potential throughout incubation. 

Four eggs were either moved from a wet substrate to a dry one or vice versa for 48 h after 

eggs had incubated for 20 days (= 20-day eggs). Four other eggs were either moved from 

a wet substrate to a dry one or vice versa for 48 h after eggs had incubated for 40 days (= 

40-day eggs). Eggs from each clutch were randomly assigned to each treatment. 
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Eggs were moved to boxes containing newly made-up substrate of the correct kPa for 48 

h. Eggs were then returned to their original boxes to continue incubation. We excluded 

all eggs that failed to whiten (Ewert, 1985); unfertilized eggs fail to whiten. 

Once the first egg pipped, we placed a bottomless waxed paper cup over each egg (Jan- 

zen, 1993). We recorded pip date and defined incubation period as initial date minus pip 

date (Gutzke et al., 1984). We weighed hatchlings with an electronic balance to 0.01 g. 

Hatchlings were then killed by freezing. The carcass and yolk were separated. We 

weighed residual yolk with an electronic balance (to 0.01 g), and determined carcass 

mass by subtracting the mass of residual yolk from hatchling mass. 

Statistical analyses were conducted using SAS 6.12 (SAS Institute, 1996). We used 

Fisher's exact test (two-tailed) to test for differences in survivorship due to substrate and 

treatment effects. We calculated least significant difference (LSD) for Figs. 1 and 2 

using harmonic means because cell sizes differed (Snedecor and Cochran, 1986). We 

cannot distinguish clutch from box effects. However, Packard and Packard (1993) previ¬ 

ously found that clutch effects generally are more important than box effects. Moreover, 

box and clutch effects were not variables of interest in this experiment. 

For both experiments, we used a mixed model for analysis. The model specified treat¬ 

ment (i.e., control, 20-day, or 40-day) as the fixed effect. Clutch and the interaction 

between clutch and treatment were identified as random effects. Each variable (i.e., net 

change in egg mass during incubation, incubation period, hatchling mass, carcass mass, 

and yolk mass) was entered into the General Linear Model (GLM) Procedure and the 

Mixed Procedure (SAS Institute, 1996) following the method of Packard et al. (1999). 

The Mixed Procedure estimated variance components using the restricted maximum 

likelihood method (REML) and Satterthwaite’s approximation to correctly compute 

denominator degrees of freedom. The GLM Procedure was needed to obtain least 

squares means to assess the magnitude of differences observed among treatments for each 

variable. The GLM Procedure was also required to assess the significance levels for the 

covariance parameters of random effects derived from the Mixed Procedure. The GLM 

model statement included treatment, clutch, their interaction, and initial egg mass as the 

covariate. Treatment, clutch, and their interactions were also included as random effects 

with the ‘test’ option of SAS version 6.12 selected. 

RESULTS AND DISCUSSION 

Survivorship to hatching did not differ by substrate water potential. For eggs on dry 

substrate, 94.29% of all eggs (n = 72) hatched whereas 91.67% of all eggs (n = 72) 

hatched on the wet substrate (Fisher's exact test, X2 = 0.372, p = 0.745). We also found 

that combined survivorship for all clutches among treatments did not differ significantly 

(X2 = 0.468, p = 1.00 for dry substrate and X2 = 4.364, p = 0.154 for wet substrate). 

Survivorship by substrate and treatment ranged from 83.33% of all eggs (n = 24) for 20- 

day treatment eggs on wet substrate to 100% of all eggs (n = 24) for the control eggs on 

wet substrate. Survivorship for the control eggs on the dry substrate was 95.45% of all 

eggs (n = 24). 
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Change in egg mass during 52 days of incubation, a measure of water exchange between 

eggs and substrate, varied with clutch (or box) and treatment for the 12 clutches on the 

drier substrate (Table 1, Fig. 1). In contrast, neither clutch nor treatment had a significant 

influence on any variable for the eight clutches on the wetter substrate (Table 1, Fig. 2). 

Control eggs which remained on dry substrate throughout incubation gained significantly 

less mass than did eggs moved to wetter substrate at 20 or 40 days (Table 2). 

The results of our experiments with Trachemys scripta elegans resemble those of Gutzke 

and Packard (1986) with the painted turtle (Chrysemys picta) and of Packard and Packard 

(1988) with the snapping turtle (Chelydra serpentina). Even though we used a shorter 

treatment interval and wetter substrates, we found that eggs on dry substrates could add 

water even in this short period. Thus, compensatory water exchanges (Gutzke and Pack¬ 

ard, 1986) can occur during short-term fluctuations in water potential. 

The rapidity of response for eggs that we observed may be biologically significant even 

though phenotypes of the hatchlings did not vary in our experiment. The ability to rap¬ 

idly absorb substrate water should be advantageous for species that develop in nests with 

unpredictable water potentials (Packard et al., 1985; Ratterman and Ackerman, 1989; 

Cagle et al., 1993). Our finding that eggs and embryos can exploit short-term increases 

in water potential (Fig. 1) but withstand short-term decreases in water potential (Fig. 2) is 

important given the environmental variation experienced by turtle embryos in natural 

nests (Cagle et al., 1993). 
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Table 1. Variance components for random effects (Clutch and Treatment*Clutch) and 

Type III F-value for fixed effect (Treatment) for incubation period, net change 

in egg mass, hatchling mass, carcass mass, and yolk mass for 20 clutches of red¬ 

eared slider (Trachemys scripta elegans) eggs. Significance levels (in parenthe¬ 

ses) were determined using ‘test’ option in the General Linear Model Procedure 

of SAS 6.12. Measures of mass are given in g, whereas incubation period is in 

days. 

Source DF 

A egg 

mass 

Incubation 

Period 

Wet 

Mass 

Carcass 

Mass 

Yolk 

Mass 

Dry substrate 

Treatment 2 18.0 0.72 1.82 1.24 1.40 

(0.0001) (0.4900) (0.1733) (0.2979) (0.2568) 

Treatment*Clutch 22 0.001 0.006 0.023 0.046 0.006 

(0.7803) (0.3369) (0.1076) (0.0742) (0.1729) 

Clutch 11 0.032 0.818 0.032 0.000 0.013 

(0.0001) (0.0001) (0.1007) (0.4714) (0.0383) 
Wet substrate 

Treatment 3 0.56 1.23 1.09 0.38 0.13 
(0.5750) (0.3003) (0.3450) (0.6887) (0.8800) 

Treatment*Clutch 21 0.000 0.015 0.000 0.000 0.000 
(0.3829) (0.1411) (0.1193) (0.3585) (0.4500) 

Clutch 7 0.000 0.970 0.139 0.078 0.015 
(0.8505) (0.0001) (0.0001) (0.0001) (0.0090) 
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Table 2. Least squares means for treatments (control, 20-day, 40-day) conducted on wet 

and dry substrates for 20 clutches of red-eared slider (Trachemys scripta ele- 

gans) eggs. Standard error is in parentheses. Measures of mass are given in g, 

whereas incubation period is in days. 

Source 

A egg 

mass 

Incubation 

Period 

Wet 

Mass 

Carcass 

Mass 

Yolk 

Mass 

Dry (to Wet) 

Control 0.46(0.07)* 58.4(0.17) 7.50(0.08) 6.57(0.11) 0.93(0.04) 

20-day 0.72(0.06) 58.5(0.17) 7.70(0.07) 6.75(0.10) 0.95(0.04) 

40-day 0.89(0.06) 58.7(0.17) 7.57(0.07) 6.54(0.10) 1.03(0.04) 

Wet (to Dry) 

Control 1.36(0.10) 58.8(0.15) 8.11(0.06) 7.12(0.08) 0.99(0.04) 

20-day 1.42(0.10) 58.9(0.16) 8.20(0.07) 7.20(0.09) 1.01(0.04) 

40-day 1.50(0.10) 58.5(0.16) 8.23(0.06) 7.22(0.08) 1.01(0.04) 

* Control < 20-day and 40-day, P < 0.006; no other pairwise comparisons different. 
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Figure 1. Egg mass through incubation for eggs of the red-eared slider (Trachemys 

scripta elegans) incubated on dry substrate and either moved to a wetter one 

at 20 and 40 days incubation or kept on dry substrate throughout incubation 

(control). Least significance difference (LSD) is shown as a vertical line. 
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Figure 2. Egg mass through incubation for eggs of the red-eared slider (Trachemys 

scripta elegans) incubated on wet substrate and either moved to a drier one at 

20 and 40 days incubation or kept on wet substrate throughout incubation 

(control). Least significance difference (LSD) is shown as a vertical line. 
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ABSTRACT 

Water quality of anthropogenic lakes is an important issue in Illinois. The nature of these 

lakes and their often unusual biotic and abiotic conditions can influence the rate of pri¬ 

mary productivity and sustainability of fish populations. This is of concern for statewide 

lake management efforts, recreational anglers, and the aquaculture industry. The purpose 

of this study is to provide information, which will aid in improving the water quality of 

artificial bodies of water. Twenty-four abandoned strip mine lakes at Ten Mile Creek 

Fish and Wildlife Area (TMCFWA) were sampled from March 3-5, 2000. Samples were 

analyzed in accordance with standard methods for chemical and physical properties. 

Cluster analysis was used to identify lakes that make up homogenous groups which could 

be suitable for future lake management studies. Carlson’s Trophic State Index suggests 

that sufficient phosphorus is available to support higher phytoplankton density. In con¬ 

trast to most freshwater systems, our results showed that nitrogen limitation (indicated by 

a low nitrogen to phosphorus ratio) is the defining factor affecting production in these 

lakes. However, as conditions will most likely vary on a seasonal basis, temporal 

extrapolation of our results might not be possible until further study affords a better 

understanding of the lentic ecosystems of TMCFWA. 

Key Words: strip mine lakes, trophic state, nutrient limitation, algae 

Running Head: Strip mine lakes 

INTRODUCTION 

Ten Mile Creek Fish and Wildlife Area (TMCFWA), an abandoned strip mine now 

administered by the Illinois Department of Natural Resources (IDNR), is a potentially 

suitable site for addressing a number of questions relative to factors that influence the 

functioning of lentic systems. Purchased in 1988 from the Tennessee Valley Authority 

(TVA), Ten Mile Creek is located in southeastern Jefferson and northwestern Hamilton 

Counties (IL). This 2112 ha. site is comprised of several habitat types including cropland 

(1052 ha.), open non-cultivated areas (664 ha.), forest (538 ha.), as well as ponds/lakes 

(101 ha.). TMCFWA is divided to four management units, Eads, Belle Rive, Dahlgren, 

and Goshen Trail. Each site consists of a central area and a number of smaller surround¬ 

ing tracts. 
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Strip mining operations have occurred on approximately one-third of the total area of 

TMCFWA, with most activity occurring on the Eads unit. The mined areas, all within 

Jefferson County, have been reclaimed to varying degrees under both old and new recla¬ 

mation standards. Some areas have been returned to flat agricultural fields, while others 

remain steeply sloped and contain numerous lakes and ponds. Revegetation practices 

have been implemented to stabilize soil as well as to provide forage and cover for wild¬ 

life. Plantings have included grasses, legumes, fescue, corn, cattails, and several tree 

species including willow, black locust, and various oaks. In addition, portions of the 

cropland are enrolled in tenant lease programs to further conserve the soil and to address 

the needs of wildlife. 

Aquatic areas consist of over twenty-five strip mine lakes, which vary in size from less 

than one to over eighteen hectares and have depths ranging from less than one to nearly 

seven meters. Little is known about other morphometric features of these lakes; how¬ 

ever, strip mine lakes generally are quite deep with small surface area. Furthermore, 

these lakes often are very acidic and fairly devoid of life (Miller et. al. 1996). A number 

of the TMCFWA lakes contain fish species such as large and smallmouth bass, channel 

catfish, crappie, bluegill, green sunfish, and blackstripe topminnow. Lakes are managed 

by the IDNR in a variety of ways ranging from stocking the lakes with the aforemen¬ 

tioned fish species, fertilization, and/or herbicide application. 

Our primary objective was to determine if the lakes at TMCFWA are homogeneous, if 

they can be grouped into discrete categories, or if they are in fact each a unique physical, 

chemical, and biological environment. In addition, we hope to ascertain which, if any, 

abiotic variable has primacy in controlling productivity and the phytoplankton standing 

crop. Lastly, and possibly most importantly, since most lakes and ponds in Illinois are of 

an anthropogenic origin, results we generate could be generalized to provide direction for 

management of lakes and ponds to maintain maximum aquatic biodiversity in Illinois. 

METHODS 

Twenty four lakes located on the Eads unit of the Ten Mile Creek State Fish and Wildlife 

Area (TMCFWA) were sampled from March 3-5, 2000 (Fig 1). When available, lake 

identification numbers and estimated surface areas were obtained from the IDNR (Kurt 

Daine, personal communication). If not available, lake identification numbers were 

assigned based on proximity to the nearest lake with an established number. Global 

Positioning System (GPS) coordinates and maximum depth of a single centrally located 

sampling site were recorded for each lake (Table 1) because in general, “ One centrally 

located station adequately represents open-water chemical and biological characteristics” 

(Pederson et al., 1976). 

All samples were collected and evaluated according to standard methods (APHA 1995). 

Surface water grab samples were collected in acid-rinsed 1L glass bottles from approxi¬ 

mately 33 cm beneath the surface. Bottom samples were collected using a transparent 

PVC Van Dorn sampler suspended approximately 33 cm from the lake bottom. Samples 

were stored at 4° C in dark conditions until analyzed (1-6 days). Temperature, dissolved 

oxygen (DO), pH, and conductivity profiles were measured with a YSI 60 water quality 
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analyzer at 1 m increments. Maximum depth was determined using a hand held sonar 

unit, and Secchi depth (SD) was recorded. 

Within 12 h of sample acquisition, alkalinity, hardness, and turbidity of surface and 

bottom samples were determined by acidity color change, EDTA titrimetric method, and 

a La Motte 2020 Turbidity meter, respectively. Phytoplankton were concentrated by 

filtering 100 mL of surface sample through a Gelman GA-6 metricell membrane filter 

(pore size = 0.45 pm, D=45 mm) and stored at 0° C for later determination of pigment 

concentrations. 

Lab analyses were conducted from March 6-9, 2000. Solids fractions, total phosphorus 

(TP), and total oxidized nitrogen (TON) were determined for surface and bottom sam¬ 

ples. Subsamples ranging from 150-250 mL (depending on turbidity of the sample) were 

passed through a rinsed, dried, and pre-weighed 25 mm glass fiber filter housed in a 

Gooch crucible. Samples were oven-dried at 103° C for 1 h, cooled in a dessicator, and 

then weighed for use in determination of total suspended solids (TSS). Subsamples of 70 

mL were poured into in a 100 mL pre-weighed porcelain evaporating dish, placed in a 

drying oven at 90° C for 1 h, and then dried at 103° C for 24 h. Subsequently samples 

were cooled to room temperature in a dessicator and weighed to determine total solids 

(TS). Total dissolved solids (TDS) were calculated as the differences between TS and 

TSS. Phosphate-phosphorus was determined via the ascorbic acid colorimetric procedure 

followed by the persulfate digestion method. Total oxidized nitrogen (N02-N+N03-N) 

was determined using the cadmium reduction method. Chlorophyll was extracted from 

phytoplankton previously concentrated on membrane filters using a 4:1 mixture 90 % 

acetone:DMSO extracts and then analyzed spectrophotometrically. Concentrations of 

chlorophyll a, b, and c were calculated according to the trichromatic equations and phae- 

ophytin a was estimated by the monochromatic equation. 

Trophic State Indices (TSI) were calculated based on SD (TSIsd), chlorophyll a concen¬ 

trations (TSIchl), and total phosphorus (TSIXP) according to Carlson (1977). Statview was 

used to create a correlation matrix of all variables and correlation analyses. Simple 

regression analysis was used to investigate potential cause and effect relationships 

between highly correlated variables. Cluster analyses were conducted using Data Desk 

4.1 in order to identify groups of lakes which most closely resemble each other based on 

a limited subset of values. 

RESULTS 

Correlation analysis revealed several significant relationships among those variables 

which were measured in 24 lakes at Eads unit (Table 2). However, most of those corre¬ 

lations which were significant appeared to be uninformative and revealed already estab¬ 

lished relationships (Table 3). For example, surface conductivity was positively corre¬ 

lated with TS (r = 0.994) and hardness (r = 0.829), while turbidity of surface water sam¬ 

ples was inversely related with SD (r = -0.775). Variables used in cluster analysis were 

alkalinity, N:P ratio, chlorophyll a, pH, conductivity, DO, SD, and temperature. 

We found little correspondence of TSI values calculated from chlorophyll a, SD, and TP 

(Table 4). The original intent of Carlson’s TSI (Carlson 1977) was to provide a numeri- 
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cal scale, thereby eliminating the need for somewhat arbitrary typological classification 

of lakes. Nonetheless, lakes with TSI values of 0-40 are generally considered oligotro- 

phic, those with a TSI of 40-50 are mesotrophic, and 50 and above indicate eutrophy 

(Carlson 1979). Based on our data, TSIsd indicates that all but one of the lakes are eutro- 

phic whereas TSIXP categorizes 12 lakes as eutrophic, 10 as mesotrophic, and 2 as 

oligotrophic. In contrast, when based on chlorophyll a, the TSIchl indicates that all lakes 

are oligotrophic. 

Alkalinity provides an indication of the amount of inorganic carbon in a lake. Total 

alkalinity ranged from 15 to 170 mg L'1 (Fig. 2), and 20 of 24 lakes had total alkalinity in 

excess of 48 mg CaC03 L*1. Ratios of available nitrogen to available phosphorus were 

calculated by dividing total oxidized nitrogen with total phosphorus measured at the 

surface of each lake. Our results indicate that the N:P ratios in TMCFWA lakes were less 

than 7:1 in 21 of the lakes sampled (Fig. 3). 

DISCUSSION 

Cluster analysis is a computer-generated procedure that groups sampling units together 

based on an overall measure of similarity; ones that are more similar are grouped first and 

then linked to other clusters that are not as closely related. The greater the distance 

between clusters, the less related the combined data are. For example, from the observa¬ 

tions gathered at the Eads unit, cluster analysis has determined that lakes 107a and 106 

are most closely related to one another (Fig. 4). The value of this procedure relates to the 

future of experimental studies. Using this assessment of similarities, one could possibly 

determine the effectiveness of management applications, such as fertilization to increase 

productivity, in order to improve overall lake quality. Since lakes 107a and 106 are so 

closely related, they can be considered replicates and would be logical choices for evalu¬ 

ating the outcome of lake management procedures. Antithetically, lakes 118b and 116a 

are so dissimilar from each other and all other lakes that any differences resulting from 

management techniques would be masked. 

In any study which seeks to describe lake trophic state, an important task is to determine 

which factor controls primary productivity. Inorganic nutrients obviously should be 

considered because of their essential role in algal metabolism. Hutchinson (1973) states 

that "eutrophication should mean the process of becoming well-fed" - therefore, a eutro¬ 

phic lake would have a large supply of nutrients. Characteristics associated with eutro¬ 

phic lakes are usually related to the resultant elevation of primary productivity which 

typically is expressed as increased algal standing crop. In contrast, oligotrophic lakes 

will have low primary productivity (they will be strongly limited by nutrient availability), 

and mesotrophic lakes will be intermediate to the two typological extremes. 

According to Leibig’s Law of the Minimum, distribution of a photosynthetic organism or 

its success (biomass, productivity, etc.) throughout its range is determined by that nutri¬ 

ent which is in shortest supply relative to need (Horne and Goldman 1994). Carbon, 

nitrogen, and phosphorus are taken up by phytoplankton in accordance with their compo¬ 

sition (by weight, plants are composed of 40C:7N:1P (Valentyne 1974)). And while 

carbon or nitrogen may limit algal growth over shorter periods of time (Parker 1977), 

most often, phosphorus is limiting on a long-term basis (Schindler 1974, 1975; Schindler 
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and Fee 1974). This is because the watershed normally is the only source of phosphorus, 

but the atmosphere is an almost limitless reservoir of carbon and nitrogen. Our data 

provide a means for assessing which of these factors (carbon, nitrogen or phosphorus) 
controls algal standing crop (and productivity). 

Total alkalinity is a measure of the buffering capacity of water and, in lakes with a pH of 

less than 8.3, alkalinity is due almost entirely to carbonate and bicarbonate buffers 

(APHA 1985). As a result, alkalinity measurements also can be used as an index of 

availability of inorganic carbon which derives from either the atmosphere or from disso¬ 

lution of carbonate bearing substrates (e.g., limestone) in the watershed. According to 

Moyle (1949), lakes with measured total alkalinity in excess of 48 mg CaC03 L 1 tend not 

to be limited by carbon availability (Moyle 1949). Therefore, this study shows that no 

more than four of the lakes we sampled (52112, 52116, 52116a, and 52118b) have the 

potential for carbon limitation during the spring. 

Carlson (1977) developed a trophic state index (TSI) for lakes to be calculated from 

Secchi depth as well as surface concentrations of total phosphorus and chlorophyll a. 

Given that phosphorus is the limiting nutrient and that Secchi depth is dependent mainly 

upon phytoplankton density, each variable should provide comparable values when 

converted to the trophic scale. The indication of eutrophy based on SD in all but one of 

the lakes sampled at TMCFWA , but of oligotrophy in the same lakes based on chloro¬ 

phyll a suggests that the extent to which light penetrates into the water column may be 

determined by something other than attenuation by phytoplankton. Furthermore, the 

indication of at least mesotrophy by data on total phosphorus concentration leads to the 

conclusion that there is sufficient phosphorus to support greater phytoplankton densities 

than were observed. Likely something other than phosphorus availability limits produc¬ 

tivity in the majority of the lakes we studied. 

Mass ratios of available nitrogen to available phosphorus can be used in determining 

which of these two nutrients is "in short supply relative to need." Chiaudani and Vighi 

(1974) used algal assays to demonstrate that nitrogen is limiting at mass ratios of less 

than 5:1, while phosphorus was the limiting nutrient at mass ratios greater than 10:1. 

Although either nutrient can be limiting if the N:P mass ratio in natural waters is between 

5:1 and 10:1, when we define the boundary between likely limitation by nitrogen or 

phosphorus as 7:1, only three lakes in this study (52119, 52116a, and 52118b) have the 

possibility of being phosphorus limited during the spring. Rather, algal standing crop at 

this time of the year most likely is limited by nitrogen availability in nineteen of the 24 

lakes we studied. 

Information gathered in this study provides a foundation for further research of strip mine 

lakes. Studies by Burner and Leist (1953) and Gash and Bass (1973) seemed to indicate 

that surface mine lakes were not productive ecosystems. We concur, but in contrast to 

most freshwater systems, nitrogen was found to be the limiting factor of algal standing 

crop in the majority of lakes at TMCFWA. However, because our samples are represen¬ 

tative of a discrete time frame, nitrogen limitation may occur only on a seasonal basis. 

Further, cluster analysis indicates that not all lakes of a given mine site are homogeneous 

in nature despite their proximity to one another. Based on overall similarity, certain 

groups of lakes may be presumed to depict replicate sites useful for determining the 
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effects of lake management procedures. But caution should be exercised prior to general 

application of any technique intended to enhance productivity because inherent differ¬ 

ences in lakes may generate uncertainty with regard to anticipated outcome of manage¬ 

ment. 
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Table 1. Maximum depth, area, and GPS location of sampling site for 24 lakes at Ten 

Mile Creek Fish and Wildlife Area. 

DNR Number GPS Coordinates_Max depth (m) Area (Ha) Graph ID # 

52100 N 38 12 32 57; W 88 45 41 65 2.6 8.58 1 

52101 N 38 12 58 82; W 88 45 35 04 6.5 3.24 2 

52102 N 38 13 20 21; w 88 46 09 80 6.7 4.21 3 

52104 N 38 13 02 35; w 88 45 44 53 3.8 1.42 4 

52105 N 38 12 13 41; w 88 45 20 66 2.5 1.90 5 

52106 N 38 12 08 88; w 88 45 27 05 5.3 0.40 6 

52107 N 38 12 05 57; w 88 45 32 86 3 7 

52111 N 38 13 26 82; w 88 46 28 76 1.6 2.23 8 

52112 N 38 13 28 50; w 88 46 20 27 1.6 1.34 9 

52113 N 38 13 20 89; w 88 46 18 17 3.5 1.58 10 

52116 N 38 12 27 39; w 88 45 22 49 3.5 1.13 11 

52117 N 38 12 17 52; w 88 45 25 54 5.6 12 

52118 N 38 12 53 15; w 88 45 41 88 3 2.71 13 

52119 N 38 12 30 24; w 88 46 09 94 3.6 12.79 14 

52100a N 38 12 42 87; w 88 45 49 10 2.7 15 

52100b N 38 12 43 73; w 88 45 43 76 4.8 0.36 16 

52100c N 38 12 42 98; w 88 45 38 40 3.5 0.36 17 

52100d N 38 12 30 12; w 88 45 51 67 2.4 18 

52107a N 38 12 00 82; w 88 45 30 69 2.3 19 

52116a N 38 13 23 34; w 88 45 21 19 1.8 20 

52117a N 38 12 19 37; w 88 45 39 19 3.5 21 

52118a N 38 12 49 58; w 88 45 56 01 4.3 22 

52118b N 38 12 52 04; w 88 45 58 14 0.7 23 

52118c N 38 12 54 94; w 88 46 01 01 1.1 24 
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Table 4. Trophic State Indices (Carlson 1977) calculated from Secchi depth, chlorophyll 

a, and total phosphorus for 24 lakes at Ten Mile Creek Fish and Wildlife Area. 

DNR Number TSI Chi TSI P04-P TSI SD 

52100 31.35 60.94 70.00 
52101 13.60 43.13 54.15 
52102 13.66 40.74 53.22 
52104 13.65 67.30 57.98 

52105 20.08 54.63 64.15 

52106 17.93 43.13 56.78 

52107 38.04 69.58 60.00 

52111 16.83 57.85 54.15 

52112 21.13 59.25 55.15 

52113 27.26 58.13 56.21 

52116 0.00 43.13 51.93 

52117 9.95 59.95 51.93 

52118 18.64 54.12 60.00 

52119 7.34 7.69 54.15 

52100a 25.66 58.51 70.00 

52100b 9.42 45.17 54.15 

52100c 44.19 54.15 

52100d 18.22 48.56 70.00 

52107a 15.14 60.29 58.62 

52116a 10.62 45.17 64.15 

52117a 6.40 46.97 51.52 

52118a 5.16 39.38 48.30 

52118b 22.89 43.13 67.37 

52118c 17.23 63.02 64.15 
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Figure 1. Ten Mile Creek Fish and Wildlife Area in Jefferson County showing location 
and label numbers of the lakes sampled. 
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Figure 4. Cluster analysis of 24 lakes at TMCFWA based on a limited set of variables 
(a alinity, N:P ratio, chlorophyll a, pH, conductivity, dissolved oxygen, Sec- 
chi depth, and temperature) measured at the surface (z=0.3m). 
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ABSTRACT 

We describe additional observations of male greater prairie-chickens (Tympanuchus 

cupido) displaying in tree leks. Prairie chickens displaying in tree lek in Kansas was first 

described by Applegate (1998). An additional observation is of prairie chickens dis¬ 

playing in a tree in Greenwood County, Kansas. 

Applegate (1998) described 23 observations of greater prairie-chicken lekking in a tree 

lek in Kansas. The display of these birds was similar to the “variant” boom, with erection 

of pinnae, inflation of air sacs, and snapping of tails (Grange 1948). We describe several 

additional observations of greater prairie-chicken (Tympanuchus cupido) displaying in 

tree leks in Lyon and Greenwood counties of Kansas. 

METHOD 

We conducted observations of two tree leks from a distance of 200 m using binoculars. 

Our additional observations of the Lyon County tree lek were conducted on 2 and 16 

April 1998 and 2 and 5 April 1999 by a single observer. Other observations were made 

on 31 March 2000 by two observers, by three observers on 3 April 2000, and by a single 

observer after 10 April 2000. An additional observation of a tree lek in Greenwood 

County was conducted on 25 March 1999 by a single observer. 

RESULTS AND DISCUSSION 

During March and April 2000, lek surveys for greater prairie-chickens were performed in 

Lyon County, Kansas. On 31 March 2000 we discovered one lek of 15 males displaying 

in a mown section of native tallgrass prairie. This type of habitat is commonly used by 

greater prairie-chickens in Kansas for lekking (Horak and Applegate 1998). The birds 

were performing the typical display described by Hjorth (1970). The lek was flushed, but 

booming from a different group of birds continued. This group of greater prairie-chick¬ 

ens was located within 300 m of the first lek. Upon closer inspection we found these 

birds were displaying in a 6 m high cottonwood (Populus deltoides) tree described by 

Applegate (1998). Once approached, eight birds flushed from the tree, but eight birds 

remained and continued to display. The display observed was similar to the “variant 

boom described by Grange (1948). These birds were then Hushed and the location was 

approached. The site had not changed since described by Applegate (1998), with smaller 

cottonwoods still present. The trees were located in the corner of a fenced pasture. 

Below the 6 m cottonwood tree was a wallow made by cattle. The wallow was filled 

with approximately 6 cm of water at its deepest point and measured 3 m in diameter. The 
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water may have prevented prairie chickens from using the ground to display, as described 

by Applegate (1998). 

The lek was observed over the next three weeks during which birds were observed in the 

tree one additional time. During this observation there were, approximately six non¬ 

displaying birds in the tree during late morning. 

The lek observed on the mown pasture during our first observation, was again flushed on 

16 April 2000. During this observation, 33 male greater prairie-chickens were docu¬ 

mented, but none where in the 6 m cottonwood. The increase in ground lek size sug¬ 

gested the birds using the tree had joined those on the mown pasture. 

During lek surveys of the same area conducted on 2 and 16 April 1998, male prairie- 

chickens used the tree. This observation was the year after Applegate (1998) first docu¬ 

mented the tree lek. During both these observations, six birds used the tree, with four and 

seven on the ground for respective days. The lek was checked on 2 and 5 April 1999 and 

only six birds were displaying on the ground. 

We also observed male greater prairie-chickens using trees for lekking in Greenwood 

County, Kansas. On 25 March 1999, 10 birds were observed displaying in and around an 

American elm (Ulmus americana) tree. The birds in the tree were raising pinnae, while 

birds on ground were inflating air sacs. On 26 March the site was revisited and only one 

male greater prairie-chicken was observed on the ground. This individual was displaying 

to a female located approximately 400 m east of the tree. 

Grange (1948) also documented greater prairie-chickens booming from tree locations. 

However, the birds he observed flew into the trees and displayed after being flushed. 

During our observations and those Applegate (1998), we presumed there was no distur¬ 

bance to the lek to cause this behavior before we arrived. 

The documentation of trees as leks is extremely important. It shows that use of a tree in 

this area did not occur during one breeding season only; the same tree was used at least 

two of the next three years by male prairie chickens. The possibility exists that the tree 

was used more than was observed during the 1999 and 2000 seasons, because it was not 

monitored as intensively as Applegate (1998). This lek has been observed within 800 m 

of the 6 m cottonwood tree 29 years between the 1963 and 2000 breeding seasons. 

In Kansas, greater prairie-chickens traditionally use areas comprised of 50-75% grass¬ 

land, with the remaining habitat comprised of cropland. Lek sites are located on areas 

with short grasses, such as pastures or wheat fields, and other cropland (Horak and 

Applegate 1998). The Kansas Forest Service surveys cropland, pastures, marshland, and 

idle farmland for increased woody vegetation. The amount of trees in these areas has 

increased by 43.8% between 1981 and 1994. The majority of this increase has occurred 

in pastures, which are predominantly native grassland (Leatherberry et al. 1999). The 

increase in observations of greater prairie-chickens using trees as lek sites may be corre¬ 

lated with the increase of woody cover in traditional lekking areas. This might also be an 

adaptation to increases in woody vegetation in this part of the greater prairie-chicken 

range. This is a topic requiring further investigation. 
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ABSTRACT 

Raccoons (Procyon lotor) were radio marked (N = 74) in west-central Illinois and fol¬ 

lowed to 431 denning sites (den selections = 259 female, 172 male). Tree cavities made 

up 52% of female den selections and 38% of male den selections while buildings made 

up 42% of female den selections and 37% of male selections. Burrows were not an 

important den option for either sex. Tree cavities were a summer and fall choice for 

denning while, in winter, farm buildings were preferred den sites for both sexes. Daily 

high and low temperatures average warmer when raccoons used burrows compared to 

when they used tree cavities for shelter. 

INTRODUCTION 

Raccoons are currently abundant throughout Illinois, the result of low exploitation by fur 

trappers and hunters and favorable habitats. The raccoon population has been at an all- 

time high in recent years (Bluett 2000), and interactions between raccoons and humans or 

their domestic pets have become a daily occurrence throughout Illinois. Because rac¬ 

coons are carriers of a number of infectious diseases transmissible to humans and their 

domestic pets, den sites located close to human dwellings increase the opportunity for the 

spread of zoonotic diseases (Mitchell et al. 1999). In addition, raccoons do not hibernate 

and must depend on the fat accumulated during the summer and fall for energy in winter 

(Lotze and Anderson 1979). Thus, selection of a safe and relatively warm winter den is 

vital for their survival. In this report we document seasonal denning preferences of radio 

marked raccoons in westcentral Illinois. 

METHODS 

We livetrapped raccoons between 1989 and 1992 in Adams and Brown counties located 

in westcentral Illinois. Our study areas were a 2,310-ha area of private farms consisting 

of a mix of row crops (59%), shrub and forest (25%), pasture and forage fields (15%), 

and ponds (0.006%), and the 644-ha Siloam Springs State Park (SSSP), a mix of second 
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growth oak-hickory forest (75%), pasture-forage (11%), and a few fields of sharecropped 

corn or soybeans (6%). 

Livetrapped raccoons were sedated using ketaset (1.0 cc / 4.5 kg. body weight), sexed, 

ear tagged, and a premolar removed for cementum aging (Grau et al. 1970). Radio 

transmitters, operating at 165 and 166 MHz, were placed on a sample of each sex each 

year. Diurnal den use was determined by approaching radio marked raccoons close 

enough to ascertain den type and location. The following variables were used to examine 

possible environmental factors affecting tree cavity or ground burrow selection by radio 

marked raccoons. For ground burrows, we recorded the distance to water in 10 m incre¬ 

ments, slope position (upper 1/3, middle 1/3, lower 1/3), distance to actively farmed 

fields in 10 m increments, crop type, slope aspect (cardinal direction), overstory type 

(forest type that comprises >50% of the overstory), and if in woody cover, distance to an 

opening of any type in 10 m increments. In addition to these environmental variables, for 

tree cavities, we recorded tree species, height of den in 10 m increments, tree DBH in cm, 

and whether the tree was dead or alive. 

Numbered lines were laid N-S and E-W on a map of the study area. Eight lines totaling 

11.9 km were randomly selected and walked from road-to-road and all ground burrows 

and tree cavities visible from the center of the transect line and large enough to shelter a 

raccoon were tallied (Burnham et al. 1980). The environmental characteristics measured 

for the burrows and tree cavities used by radio marked raccoons were then compared with 

burrows and tree cavities found along transects. Values of these variables were devel¬ 

oped by grouping distances (0-25 m, 25-50 m, 50-75 m, etc.) and heights in 10 m incre¬ 

ments. These variables were then compared using a G-test (Sokal and Rohlf 1969). An R 

x C contingency table analysis was used to compare den use between sexes and among 

seasons and age classes. 

We recorded the mean maximum and mean minimum temperatures (°C) for each day 

(taken at Quincy, Illinois airport 44 km west of the study area) in which we located a den 

of a radio marked raccoon. We computed an average mean maximum and mean mini¬ 

mum temperature for when raccoons were using tree cavities, buildings, and ground 

burrows as shelters. The raccoon year was divided into periods bounded by important 

behavioral or physiological changes that potentially affect den use. The year was divided 

into winter (16 Dec-15 Mar), spring-summer (16 Mar-31 Oct), and fall (1 Nov-15 Dec). 

RESULTS AND DISCUSSION 

A total of 35 males (14 juveniles, 2 yearlings, 19 adults) and 39 females (16 juveniles, 6 

yearlings, 17 adults) were radio located for various lengths of time. These raccoons were 

located at 431 den sites, in trees (202 sites, 47%), buildings (172, 40%), burrows (31, 

7%) and ground nests (26, 6%). For females, 73 den sites were located in winter, 114 

during spring-summer, and 72 in the fall. For males, 71 were located in winter, 69 in 

summer, and 32 in the fall. Of 259 den locations for females, 112 (43%) were used by 

juveniles, 54 (21%) were used by yearlings and 93 (36%) were used by adult females. 

Fifty-nine percent of 172 male denning sites were used by juveniles, only 25 (15%) were 

used by yearlings, and 45 (26%) were used by adult raccoons (Table 1). 
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Den Use 

Tree cavities—Tree cavities and buildings were used by radio marked raccoons much 

more often than ground burrows or ground nests (Table 1). Tree cavities were used by 

radio marked raccoons significantly more often than expected in fall, less than expected 

in winter, and as expected in the summer (X2 = 10.9, df = 2, P < 0.01). Both adults and 

juvenile raccoons used tree cavities significantly more than expected, while yearling 

raccoons used trees cavities as expected (X2 = 7.62, df = 2, P < 0.05). Females used tree 

cavities more than expected , while males used tree cavities less than expected (X2 = 4.41, 

df = 1, P < 0.05). 

Radio marked raccoons did not select tree cavities on the basis of slope position, or the 

type of opening (pasture or crop field) (P > 0.05). They selected trees closer to a creek 

and avoided tree cavities found closer to a pond or ravine (G = 43.1, df = 2, P < 0.001). 

Males were more likely to select a tree cavity on a lower slope than females, with females 

selecting tree cavities on a middle or upper slope (P > 0.40). Tree dens used by raccoons 

averaged 28 ± 5 m from water, 129 ± 12 m from a crop field, and 56 ± 8 m from an 

opening. 

Ground burrows—Burrows were used most often in spring through fall and least in win¬ 

ter (X2 = 10.6, df = 2, P < 0.01). Burrow selection was not influenced by age (P > 0.05). 

However, males were more likely to use burrows for diurnal shelter than were females 

(X2 = 5.9, df = 1, P < 0.05). Radio marked raccoons selected burrows close to permanent 

water in summer and fall and avoided burrows closer to intermittent water sources (G = 

22.3, df = 3, P < 0.001). They did not select burrows in relation to crop type growing in 

the nearest crop field. They selected ground burrows situated in bottoms more than 

expected and avoided burrows on middle and lower slopes (G = 26.1, df = 3, P < 0.001). 

Raccoons preferred burrows with 2 entrances, avoided burrows with only a single 

entrance, and used burrows with more than 2 entrances as they occurred (G = 8.8, df = 3, 

P < 0.05). Ground burrows used by raccoons averaged 88 ± 13 m from water, 60 ± 4 m 

from a crop field, and 23 ± 5 m from any type of opening. 

Ground nests—Ground nests were not important resting sites for females but were used 

occasionally by males in summer and fall (X2 = 25.6, df = 1, P < 0.001). Yearling males 

were more likely than adults or juveniles to use ground nests (X2 = 32.4, df = 2, P < 

0.001) (Table 1). 

Buildings—Buildings were most important as den sites in winter (X“ = 27.4, df = 2, P < 

0.001). Buildings were most often used by juvenile raccoons and least often by adult 

raccoons (X2 = 30.5, df = 2, P < 0.001). Gender did not influence the use of buildings as 

den sites (P > 0.40). 

Average daily high and low temperatures were lower when raccoons used buildings lor 

shelter compared with average temperatures when raccoons used tree cavities or burrows 

(Fig. 1). Tree cavity use occurred when mean temperatures were somewhat cooler than 

when burrows were occupied (Fig. 1). 

Raccoons are flexible as to den selection throughout their range. In marshes or prairies 

with few trees they use burrows or muskrat houses for shelter (Dorney 1954, Fritzell 
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1978, Urban 1970). In urban habitats, use of human occupied buildings is high but tree 

cavities are still important shelters for raccoons (Hoffmann and Gottschang 1977, 

Hadidian et al. 1991). However, when available, tree dens are often favored over bur¬ 

rows (Shirer and Fitch 1970, Stuewer 1943, Urban 1970, Schneider et al. 1971, Scherfy 

and Chapman 1980). Even in winter, temperatures within tree cavities are considerably 

warmer than the ambient temperatures surrounding the tree (Stains 1961, Thorkelson and 

Maxwell 1974). In Illinois, tree cavities and farm buildings are the most important rac¬ 

coon denning sites in winter. Mosillo et al. (1999) found that resident raccoons in north- 

central Illinois preferred tree cavities followed by farm buildings as denning sites similar 

to raccoon denning habits in westcentral Illinois. The use of buildings as denning sites 

during the colder months provides raccoons with excellent shelter at a time when they 

must conserve heat energy in order to survive the winter. Use of buildings does increase 

the opportunity for contact between raccoons and humans and/or their domestic livestock 

and pets. Thus, den selection may play an important role in facilitating the movement of 

disease organisms among these animals (Mitchell et al. 1999). 
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Table 1. Number of denning sites used by radio marked raccoons located in westcentral 

Illinois, 1989-92. 

Females Males 

Season Season 

Den Type Winter Spr/Sum Fall Total Winter Spr/Sum Fall Total 

JUVENILES 

Tree cavity 29 11 9 49 20 7 7 34 

Ground burrow — — 2 2 2 — 6 8 

Building 44 5 12 61 42 8 10 60 

Ground nest — — — — — — — — 

Total 73 16 23 112 64 15 23 102 

YEARLINGS 

Tree cavity — 29 — 29 — 8 — 8 
Ground burrow — — — — — 5 — 5 
Building — 23 — 23 — — — — 

Ground nest — 2 — 2 —■ 12 — 12 

Total — 54 — 54 — 25 — 25 

ADULTS 

Tree cavity _ _ 10 48 58 2 19 3 24 

Ground burrow — 10 — 10 — 5 1 6 
Building — 23 1 24 3 — 1 4 
Ground nest — 1 — 1 2 5 4 11 

Total — 44 49 93 7 29 9 45 
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Figure 1. Mean daily high and low ambient temperatures for days when radio marked 

raccoons were located in den sites in ^stcentral Illinois, 1989-1992. 

Den Types 
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ABSTRACT 

A study was conducted to determine and compare biotic (bacterial) and abiotic (physico¬ 
chemical) pollution indicator levels generated from water samples collected from eleven 
sites within an aquatic wetland under restoration in Brown County in Southern Illinois. 
The approximately 700-acre “Spunky Bottoms” wetland, purchased by The Nature Con¬ 
servancy, is currently being restored by The Wetlands Initiative to conditions prior to 
levying of the Illinois River and draining of adjacent floodplain for intensive agriculture 
(circa 1900). Water samples of approximately 200-ml were collected aseptically and 
analyzed for indicator bacteria (total coliform and Escherichia coli) concentrations using 
a membrane filtration technique and culturing methods. Predominant bacterial genera 
were also isolated from selected water samples and identified using standard culturing, 
microscopic, and biochemical techniques. Temperature, pH, dissolved oxygen and con¬ 
ductivity were also monitored concurrently in the field at water sampling sites. Levels of 
bacterial and physicochemical pollution indicators in water samples taken from the Illi¬ 
nois River and wetland sites adjacent to agricultural land use were substantially higher 
than levels found at other sampling sites, possibly due to agricultural runoff. Predomi¬ 
nant bacterial genera recovered from all sampling sites were Pseudomonas and Bacillus, 
which may contribute to biogeochemical cycles. Results suggest that restored wetlands 
may contribute to pollution indicator reduction, and that wetland microbial populations 
may contribute to biogeochemical (N, P, C) element cycling. Further research is neces¬ 
sary to determine more specific contributions of aquatic wetlands to indicator bacteria 
concentration reduction and biogeochemical cycles. 
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INTRODUCTION 

Preservation of aquatic wetland ecosystems is vital to protect wildlife habitats, protect 

water quality, and provide for aesthetically pleasing environmental sanctuaries for rec¬ 

reational purposes. Aquatic wetland ecosystems are being lost or degraded at a dramatic 

rate throughout the world. National wetland area loss since European settlement is 

roughly estimated near 50% (Whigham, et al., 1993). Installation of drain tiles and river 

levying to facilitate agricultural land use practices has been a primary contributor to 

wetland loss in many U.S. states, including Illinois since circa 1900 (Hey and Philippi, 

1999). Illinois has shown a significant loss of aquatic wetlands to agricultural and resi¬ 

dential land use since circa 1800. Approximately 3-4% (500,000 acres) of the state of 

Illinois was designated as wetland in 1990. 

Surface and ground water quality is important both nationally (U.S. Environmental Pro¬ 

tection Agency - USEPA, 1996) and in Illinois (Illinois Environmental Protection 

Agency - IEPA, 1994; 1995; 1996). Aquatic wetlands protect water quality by serving as 

a buffer system to slow water runoff from storm events and allow infiltration into soils, 

percolation into soil-groundwater systems, and allow time for water purification through 

natural physical, chemical, and biological processes (Hey and Philippi, 1999; Hammer, 

1997; Kadlec and Knight, 1996; National Research Council, 1995; Whigham, et al. 

1993). However, there has been some criticism of the ability of restored wetlands to 

mimic natural wetlands, including failure to attract targeted endangered waterfowl spe¬ 

cies (Malakoff, 1998). Residential, municipal and industrial wastes are discharged into 

the Illinois River (IEPA, 1994; 1995; 1996). Aquatic contaminants include pathogenic 

microorganisms, toxic chemicals, and plant nutrients such as nitrate and phosphate that 

can lead to eutrophication and depletion of aquatic dissolved oxygen (Salvato, 1992). 

Microbial populations in aquatic systems may also contribute to biogeochemical cycling 

of elements, including N and P (Atlas and Bartha, 1987; Whigham, et al., 1993; Hurst, et. 

al., 1997). These processes may reduce nutrient loading of rivers and ultimately, degra¬ 

dation of estuarine ecosystems (e.g., the hypoxic “dead zone” in the Gulf of Mexico). 

Wetland restoration has been proposed as a means of reducing N transport to coastal 

waters (Fleischer and Stibe, 1991). However, limited research has been conducted on the 

potential for aquatic wetland microbial populations to contribute to biogeochemical 

cycling of elements. 

Much of the flood plain adjacent to the Illinois River was levied and drained for intensive 

agricultural use by pumping water collected in the wetland into the Illinois River (circa 

1900). The rich alluvial soils allowed highly productive agriculture due to the accumula¬ 

tion of nutrients during thousands of years of natural flood cycles and resulting silt depo¬ 

sition. Restoration of arable land to wetland conditions has been extensively studied 

(Manchester, et al., 1999; Mitsch, et al., 1999; Young, 1996). Spunky Bottoms wetland 

in Southern Illinois was purchased by The Nature Conservancy in 1998 with a goal of 

restoration to more natural conditions prior to intensive agricultural use. This approxi¬ 

mately 1,500-acre site (containing approximately 700-acres of wetland) in Southern 

Illinois is being restored in cooperation with The Wetlands Initiative, funded by a grant 

from The National Fish and Wildlife Foundation. Restoration goals include increasing 

the level of water in the area and planting native grasses and other wetland flora and 

provide habitats for aquatic organisms. Water flow through Spunky Bottoms wetland is 
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primarily from northwest to southeast, entering the wetland through runoff from the 

upland topography to the west. Water then flows through drainage ditches (North Mar¬ 

ket, Main Road, and South Cox) to the Pumphouse. Excess water collected was then 

pumped over the levy into the Illinois River to facilitate agricultural land use (Fig. 1). 

This technique may also be used to control water levels within the wetland during further 

restoration efforts. Sources of potential water contaminants include both point and non¬ 
point due to adjacent agricultural land use. 

Transfer of potentially pathogenic microorganisms, nutrients, and toxic chemicals from 

agricultural, residential, and industrial wastes through soil to surface water or groundwa¬ 

ter is a recognized environmental health concern (Pancorbo, et al., 1991; Kelley, et al., 

1994, 1995). Sampling and characterization of local surface water systems is also used to 

educate students and the general public concerning important environmental health con¬ 

cepts, such as aquatic ecosystem’s response to various contaminants, and reduction of 

pollution (Kelley, et al., 1994, 1995; National Science Foundation - NSF, 1993). This 

study determined and compared the distribution of physicochemical and bacterial indi¬ 

cators of pollution, as well as predominant bacterial populations in water samples col¬ 

lected from the Spunky Bottoms wetland from June-September 1999. Quantitative data 

was generated concerning coliform concentrations while qualitative data only (identifica¬ 

tion of predominant genera) was generated concerning predominant bacterial genera. 

Appropriate physical, chemical, and bacterial parameters monitored were chosen from 

those recommended and described by the Clean Water Act National Pollution Discharge 

Elimination System (NPDES), Environmental Engineering and Sanitation, 4th Ed. (Sal- 

vato, 1992), and Standard Methods for the Examination of Water and Wastewater, 20th 

Ed. (Eaton, 1998). 

Monitoring of water samples collected from Spunky Bottoms wetland for biotic and 

abiotic pollution indicators is being conducted to provide information concerning the 

current state of water quality, and changes in water quality as restoration proceeds. Data 

gathered on predominant bacterial populations generated from this and future studies may 

be used to determine the microbe’s potential role in biogeochemical cycling of N, P, and 

C elements in the wetland. 

MATERIALS AND METHODS 

Seven sites within the wetland were initially identified by The Wetlands Initiative as 

indicating a representative geographical distribution of surface water flow throughout the 

area. Four test wells were later sampled for a total of eleven sampling sites (Table 1). 

All seven sites initially identified were sampled five times each during June-September 

1999. Test wells spb-5 and 13 were sampled twice each for physicochemical pollution 

indicators. Test well spb-13 was sampled three times for bacterial indicators. Test wells 

spb-12 and 19 were sampled only once each. Samples taken from four sites (South Cox, 

Main road, Illinois River, and Snyder’s Landing) were analyzed for predominant bacte¬ 

rial populations using techniques described below. 

Physicochemical and Bacterial Analyses 
Temperature, conductivity, total dissolved solids, and dissolved oxygen levels were 

measured in the field from June-September, 1999 using a Corning® Multimeter (Corning 
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Inc., Science Products Division, Corning, NY). Methods used for physicochemical water 

analyses followed directions recommended by the instrument manufacturer. For bacterial 

analyses, water samples of approximately 500-ml were taken from eleven selected sites 

(Table 1) using aseptic technique and stored in sterile Whirlpak®- type sealed plastic bags 

according to collection, shipment, and storage procedures outlined in Standard Methods 

for the Examination of Water and Wastewater, 20th Ed. (Eaton, 1998). Bacterial 

analyses were completed within 48-72 hours of sampling. Appropriate volumes of 

undiluted water samples or appropriate dilutions of water samples were filtered through 

0.45-pm pore size 47-mm diameter gridded filters (Micron Separations Inc., 

Westborough, MA) using a Nalgene® (Nalgene Co., Rochester, NY) filtration apparatus 

attached to a vacuum pump. Filters were transferred to the surface of Methyl-Ulbelliferyl 

p-D-Glucaronide (MUG)-based m-TMM (Tergitol Monensin MUG) culture media con¬ 

tained in 50-mm petri dishes and incubated at 35° C for 24 hrs (Dry-type Bacteriological 

Incubators, Blue M Electric Company, Blue Island, IL) for culturing of bacterial groups. 

MUG-based media allowed for concurrent culturing and identification of total coliform 

and Escherichia coli (Freier and Hartman, 1987). Aseptic technique was applied during 

all microbiological analyses. Characteristic colonies were counted and bacterial group 

concentrations reported on a colony forming unit per milliliter basis (cfu ml'1). 

Preliminary testing of water samples for predominant bacterial populations was also 

conducted using the following protocol (United Analytical Services, Inc., Downer’s 

Grove, IL): Fifteen-ml of each water sample were centrifuged for 15-min. at approxi¬ 

mately 3000-rpm. Two-ml of supernatant and the remaining sediment were used as a 

concentrated sample to inoculate BHI (brain heart infusion) plates which were incubated 

for a total 10- days. Plates were observed on days five, seven and ten. Gram stains, wet 

mounts and biochemical analyses were performed on the growing colonies. The two 

predominant genera by concentration were then identified. 

Statistical data analysis 

Data generated were subjected to one-way analysis of variance (ANOVA) and pairwise 

comparison using Sheffe’s S test with SPSS software. Significance was determined and 

probability (p) levels reported for ANOVA results. Location and sampling time were 

identified as independent variables. Physicochemical and bacterial pollution indicator 

(coliform and E. coli) levels were identified as dependent variables. 

RESULTS 

Physicochemical analyses 

Mean data for physicochemical and bacterial analyses of water samples are reported in 

Table 1. Temperature of water at sampling sites ranged from 18.7° C (Middle Creek, 

September 27) to 31.8° C (Pumphouse, July 19). Levels of pH of water at sampling sites 

ranged from 7.04 (well spb-5) to 7.90 (Snyder’s Landing). Conductivity of water at 

sampling sites ranged from 404 micro-Siemens (pS) to 796 pS (Pumphouse and well 

spb-12, respectively). Total dissolved solids (TDS) concentrations ranged from 201 to 

365 mg L 1 measured by the instrument as correlated to conductivity. Dissolved oxygen 

concentrations were off scale at several sites tested, possibly due to instrument or opera¬ 

tor error. After elimination of off-scale DO values dissolved oxygen levels in water 

samples ranged from 3.1 mg/L (Snyder’s Landing) to 12.8 mg/L (South Cox). 
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Bacterial analyses 

Total coliform concentrations ranged from 18 cfu 100 ml'1 (Pumphouse) to 85,000 cfu 

100 ml1 (well spb-5). Escherichia coli concentrations ranged from 2.0 cfu 100 ml'1 

(Pumphouse) to 20,000 cfu 100 ml 1 (Middle Creek). A ranking of mean total coliform 

and E. coli concentrations (from lowest to highest) are as follows: Illinois River, Pum¬ 

phouse, Middle Creek, Main Road, Snyder’s Landing, well spb-5, well spb-13, South 

Cox, and North Market (Table 1). High variability of some microbial concentration 

data was primarily due to temporal variation between or among different samples (e.g., 

taken at different times), rather than variability of microbial concentrations within sam¬ 

ples taken at the same time. Pseudomonas and Bacillus were the two predominant bacte¬ 

rial genera isolated from water samples collected and submitted for analysis. 

Statistical analyses 

One-way analysis of variance (ANOVA using SPSS software) of physicochemical and 

bacterial data (dependent variables) generated for all time periods indicated significant 

surface site (independent variables) differences among conductivity, F (10, 21) = 4.001, p 

= 0.004; total dissolved solids F (10, 21) = 4.248, p = 0.003; total coliform concentra¬ 

tions, F (10, 71) = 4.083, p < .0001; and E. coli concentrations, F (10, 71) = 2.222, p = 

0.026. Pairwise comparisons using Sheffe’s S test indicate no significant differences 

among paired sites, but this apparent inconsistency many have been due to the limited 

number of observations (n < 5). ANOVA and Sheffe’s S test results reported were per¬ 

formed on data from all eleven sites. Subsequent analysis excluding well data did not 

substantively change results or conclusions. 

DISCUSSION 

Physicochemical analyses 

Results of physicochemical analyses of water samples, including temperature, pH, con¬ 

ductivity, turbidity, and dissolved oxygen are within ranges of 50-1,500 pMhos and 6.0- 

9.0, respectively for natural waters as indicated in the literature (Eaton, 1998; Salvato, 

1992). Mean dissolved oxygen levels were 5.75 mg L1, above levels of 5.0 mg L 1 

recommended to support fish survival and reproduction (Salvato, 1992). Based on results 

generated and analyzed in this study, there was evidence to suggest that concentrations of 

selected physicochemical indicators of pollution (conductivity and total dissolved solids) 

were significantly reduced as water flowed through the wetland. 

Bacterial analyses 

Salvato (1992) citing the Federal Water Pollution Control Administration (FWPCA, 

1968) indicated that acceptable levels of fecal coliform concentrations for general recrea¬ 

tional use waters for which ingestion is not a significant concern should not exceed an 

average of 4,000 cfu 100 ml1. Fecal coliform are a sub-group of total coliform and are 

therefore a more specific indicator of fecal pollution (Salvato, 1992). Mean total coli¬ 

form concentrations exceeding recommended levels of 4,000 cfu 100-ml1 were recov¬ 

ered from South Cox, North Market, Snyder’s Landing, and wells spb-5 and 13 (Table 1). 

Assuming that a majority of fecal coliform are E. coli, fecal coliform concentrations 

recovered did not appear to exceed recommended maximum levels. Potential sources of 
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fecal pollution include runoff of animal waste (e.g., cattle, pigs, goats, etc.) from adjacent 

agricultural practices, as well wild animal wastes. 

Based on results generated and analyzed in this study, there was evidence to suggest that 

as water flowed through the wetland, concentrations of bacterial indicators of fecal pol¬ 

lution (total coliform and E. coli) were significantly reduced. 

Conclusions 

As described in the introduction, water flow through Spunky Bottoms wetland is primar¬ 

ily from northwest to southeast, entering the wetland through runoff from the upland 

topography to the northwest. Water then flows through drainage ditches (North Market, 

Main Road, and South Cox) to the Pumphouse site. Excess water collected was then 

pumped over the levy into the Illinois River to facilitate agricultural land use (Fig. 1). 

Considering this flow pattern, it is interesting to note that lowest concentrations of E. 

coli, total dissolved solids and conductivity levels were found in samples collected from 

the Pumphouse site. The second lowest concentration of total coliform was also recov¬ 

ered from the Pumphouse site. These observations support the evidence that concentra¬ 

tion reduction of pollution indicators occurred as water passed through the wetland. It 

should be noted that many factors could have contributed to concentration reduction of 

pollution indicators, including physical processes of dilution and settling. 

Several species of Pseudomonas and Bacillus function in the nitrogen cycle including 

Pseudomonas nitrificans and P. denitrificans, Bacillus polymyxa and B. macerans. B. 

megatherium also functions in the phosphorous cycle in mineralization of phosphate. 

Pseudomonas and Bacillus species also function in the carbon cycle to degrade recalci¬ 

trant compounds such as chitin, lignin, and xylan (Atlas and Bartha, 1987). Therefore, 

there is limited evidence from preliminary results of this study that bacterial populations 

in the wetland may contribute to biogeochemical cycling of N, P, and C elements in the 

environment. Further study is necessary to support or reject this contention. 
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Figure 1. Map of wetlands area and sampling site locations. 

Well Nest and Core Locations, Spunky Bottom, m of 12/31/98 
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ABSTRACT 

An inventory of ground-dwelling arthropods was conducted from March to August of 

1999 on a recovering sand prairie near Edwardsville, IL. Drift fences and pitfall traps 

were utilized and arthropods were collected approximately once every month. We identi¬ 

fied 81 different species represented by the following Orders (number of different spe¬ 

cies): Spirobolida (1), Hymenoptera (6), Hemiptera (7), Isopoda (1), Coleoptera (50), 

Homoptera (1), Orthoptera (2), Lepidoptera (3), Opilionida (1), and Araneae (10). Ani- 

sodactylus harrissi, Lycosa spp., Geopinus incrassatus, and Microporus obliquus were 

the most common arthropod species captured. Results suggest that there were no sys¬ 

temic spatial variation between drift fences and species caught, whereas there were tem¬ 

poral differences in the species caught. 

INTRODUCTION 

Approximately 75% of the organisms occupying earth are invertebrates (White, 1983; 

Borror et al., 1989). This includes spiders, insects, crustaceans, centipedes, and milli¬ 

pedes. Many are directly beneficial to humans providing pollination, food, wax, and silk. 

Invertebrates are also indirectly important as a key component of the food web, assisting 

in the decomposition of organic material, and foraging or parasitizing harmful organisms. 

Many are also viewed as important pests damaging agricultural crops and livestock. 

Unfortunately, they are probably the least understood of all organisms. In particular, 

knowledge of what, when and how many invertebrate species occupy a habitat is gener¬ 

ally lacking. 

Sand Road is a 43-acre wetland/sand prairie mitigation site recently purchased by the 

Illinois Department of Transportation (Figure 1). The site includes an abrupt change 

from a xeric sand prairie to a mesic wetland and provides habitat for many rare and 

uncommon species of plants, invertebrates, reptiles, and amphibians, including the threat¬ 

ened Illinois chorus frog (Pseudacris streckeri illinoensis) (Tucker, 2000). The reptiles 

and amphibians rely heavily upon the invertebrates (mostly ground-dwelling arthropods) 

as forage. Studies of the food habits of six species of reptiles and amphibians occupying 

this site have been or are currently being determined (Tucker, 1997). The purpose of this 

project is to provide a partial inventory of ground-dwelling arthropods and to describe the 

changes in arthropod abundance throughout the warm season (April-August). 
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MATERIALS AND METHODS 

Arthropods were sampled from a site located near Edwardsville, IL (Figure 1). Sampling 

was conducted on March 28, April 3, April 17, May 1, May 17, July 6, and August 9, in 

1999. Thirteen drift fences (25 cm metal siding), each thirty meters in length with six 

pitfall traps, were utilized (Tucker, 1995). The number of drift fences sampled varied 

according to the available time that the authors had to collect and process the samples 

(ranged from 6 to 13 transects sampled every period). Several pitfall traps (1 to 2) were 

removed from the study each sample period due to silting in (wind blown sand). The 

data was analyzed by species using a General Linear Model (Statistical Analysis System, 

1996) to determine if fence, pit, and period had any influence on variation in distribution 

and on the number of individuals captured. The average number of individual species 

captured per pit was then calculated to show changes in species density and frequency 

throughout the seven sampling periods. 

RESULTS 

Fence and pit location did not significantly (p<0.05; F < 1) predict the number of indi¬ 

viduals captured by species. However, period was a significant predictor indicating that 

variation in season partially determined the number of individuals captured. Arthropod 

abundance peaked during the April 17th and May 1st sampling periods (12.0 and 11.7 

individuals per pit, respectively; Table 2). 

Ground beetles (Coleoptera) were the most abundant arthropod in all sampling periods 

(ranging from 25 to 73%) except in the first sampling period (Table 1). The first sam¬ 

pling period was dominated by Lepidoptera larvae (Family Noctuidae (cutworm); Table 

1). Araneae (spiders) abundance increased following the first sampling period, peaked 

around May 1st and then declined throughout the rest of the study. Hemipteran (true 

bugs) relative abundance increased throughout the study (Table 1). 

Other than the first sampling period, Anisodactylus harrisii was the most frequent arthro¬ 

pod sampled throughout the study (Table 2). Average number of individuals captured per 

pit was relatively low during the first period (0.1) but increased by 39-fold in one-weeks 

time. Lycosa spp. (four different species) were also abundant occurring in 9.6% of the 

pits and having an average capture of 3.5 individuals per pitfall throughout all time peri¬ 

ods (Table 2). Density and frequency peaked during the April 3rd sampling period. 

Geopinus incrassatus was frequent from March 28 to July 6 (frequency ranged from 3.1 

to 20.0) but dropped to no captures by August 9 (Table 2). Our sampling indicated that 

Microponis obliqmis had low abundance during the early sampling periods but increased 

to about 17% by May 17 (Table 2). 

DISCUSSION 

Determining species presence and abundance is an important step in describing the rarity 

and importance of a habitat and understanding the relationship of organisms to that habi¬ 

tat. This particular site is interesting because it is a zone where a disturbed sand prairie 

and a wetland meet. Many of the invertebrate species sampled by this study only occupy 
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areas with large sand deposits (e.g., Bembidion spp.,A. harrisii, Euryderus grossus, G. 

incrassatus, Cicindela spp., and M. obliquus) (Arnett, 1963; Slater and Baranowski, 

1978; White, 1983). Invertebrates are also attracted by a particular vegetation type or 

prey whereas others are generalists. The invertebrates sampled could be classified into 

four groups based on feeding habits and habitat use, 1) herbivores, 2) predators, 3) scav¬ 

engers/decomposers, and 4) transients. 

Many of the invertebrates occupying the site are herbivores and likely feed upon the 

dominant vegetation which includes yellow sweetclover (.Melilotus officianalis), daisy 

{Aster spp.), cheatgrass brome (Bromus tectorum), and mouse-eared chickweed (Cer- 

astium pumilum) (unpublished data). Herbivorous arthropods included Cerotoma trifur- 

cata, Apion griseum, Hypera spp., Languria trifasciata, Calligrapha bidenticolci, Sphe- 

nophorus spp., Microporus obliquus, Sehirus cinctus, Elateridae (click beetle Family), 

Feltia spp., Stenolophus conjunctus, Harpalus spp., Amara spp., A. harrisii, Euryderus 

grossus, G. incrassatus, and Formicidae (ants) (Blatchley and Leng, 1916; Arnett, 1963; 

Kissinger, 1964; Slater and Baranowski, 1978; Ross et al., 1982; White, 1983; Borror et 

al., 1989; Holldobler and Wilson, 1990; Haarstad, 1999). The great numbers of herbivo¬ 

rous arthropods provides important forage for numerous predaceous arthropods as well as 

vertebrates. 

There were numerous predators at this site and included species that were highly spe¬ 

cialized in mode of capture and consumption of prey, as well as generalists. Predaceous 

arthropods included Scaphinatus elevatus, Dicaelus elongates, Pasimachus spp., Scarites 

substriatus, Calleida spp., Adalia spp., Plegaderus spp., Nicrophorus spp., Mutillidae 

(velvet ant), Bembidion spp., A. harrisii, Agonum spp., Calathus spp., Evathrus spp., 

Odontonyx spp., Pterostichus spp., Cicindela spp., Ceratocapsus spp., Geocoris spp., 

Nabicula spp., Nabis spp., Florinda spp., Micryphantidae (dwarf spider family), Zelotes 

spp., Lycosa spp., Pardosa spp., Oxyopes spp., and Habrocestum spp., and Misumenops 

spp. (Katson, 1972; Slater and Baranowski, 1978; Ross et al., 1982; White, 1983; Borror 

et al., 1989; Moulder, 1992; Haarstad, 1999). 

Several of the species that were captured were scavenger/decomposers. Acaromimus spp. 

feeds upon fungus that occupies dead or dying trees or on the smut in grasses, while the 

Eucnemidae Family (false click beetle) feeds upon rotting wood (Dillon and Dillon, 

1961; Arnett, 1963; White, 1983; Borror et al., 1989). The Gryllacrididae (camel cricket) 

are scavengers and Anomala binotata, Nicrophorus spp. and species of Tenebrionidae 

(darkling beetle) feed upon dead plant material, dung, carrion and, or fungi (Arnett, 1963; 

Ross et al., 1982; White, 1983; Borror et al., 1989; Haarstad, 1999). 

Both Cybister spp. and Hydrophilus spp. are water beetles that were more than likely 

transient catches rather than actually utilizing the sand prairie area (White, 1983; Borror 

et al., 1989; Haarstad, 1999). Both species have the ability to fly and were probably in 

the process of relocating from the nearby wetland. Ornithocoris spp. is a parasite of birds 

(Slater and Baranowski, 1978). Occasional killdeer and bobwhite quail chicks were 

captured in the pits and may explain the capture of this parasite. 

The most common species at this site was A. harrisii. This species apparently transforms 

from a grub stage to an adult beetle form around the first of March. In addition to being 
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the most common species on the sand prairie site, A. harrisii is also commonly consumed 

by the reptiles and amphibians occupying this site making it an important component of 

the food web (unpublished data). However, being a ground-dwelling insect that prefers 

an open habitat, it is likely that the abundance of A. harrisii will decline as the sand 

prairie matures and plant cover increases. This raises the question of whether A. harrisii 

is a preferred forage species by a declining herp population, or if it is utilized by these 

vertebrates simply because it is the dominant ground-beetle. 

Wetland and sand prairie are rare vegetative communities in Illinois. We show that a 

wide variety of ground-dwelling arthropods occupy and utilize the Sand Road site. Even 

so, our study only examined the mobile, ground-dwelling arthropods occupying this site. 

The complexity and lack of understanding increases with the addition of invertebrates 

prone to flight or that are stationary. The arthropod species composition is also likely to 

change as the sand prairie becomes more established. 
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ABSTRACT 

We examined concentrations of cadmium (Cd), copper (Cu), lead (Pb), mercury (Hg), 

selenium (Se), and zinc (Zn) in tissues of raccoons collected in Illinois during 1983-85. 

Concentrations of Cd, Pb, and Zn in the tissues of Illinois raccoons were variable with 

regard to concentrations of these elements reported for raccoons from other areas. Cuand 

Se concentrations were similar to, and Hg concentrations were lower than, previously 

reported for raccoons from other areas. Concentrations of Pb in livers were lower than in 

Illinois raccoons collected during the mid- to late-1950s in a previous study. We also 

compared the tissue concentrations observed in raccoons with those reported for mink 

and river otters collected in Illinois during 1984-1989 (Halbrook et al, 1996). Cd, Pb, 

and Se were more frequently detectable, whereas Hg was detectable at a lower rate, in the 

tissues of raccoons than in mink or river otters. Concentrations of Cd, Pb, and Zn were 

lower, and Cu and Hg were higher, in the tissues of raccoons as compared with those of 

mink and river otters from Illinois. 

INTRODUCTION 

Based on a synthesis of information gathered from the southeastern United States, Bigler 

et al. (1975) concluded that the raccoon (Procyon lotor) was an effective monitor of 

environmental contaminants, including organochlorine pesticides and heavy metals. 

Other investigators have examined contaminant levels in raccoons from various locations 

in North America (e.g. Illinois, Sanderson and Thomas 1961; Wisconsin, Sheffy and St. 

Amant 1982; Ontario, Wren, 1984; California, Clark, Jr. et al., 1989; Mississippi, Ford 

and Hill 1990; Alabama, Khan et al. 1995). 

The usefulness of raccoons as biomonitors stems from various aspects of their biology 

and behavior, including high abundance in many areas, ease of capture, close association 

with humans, relatively sedentary habits, frequent contact with water and sediments, and 

a diet that may seasonally include items such as fish, crayfish, mussels, frogs, insects, 
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earthworms, and other animals that accumulate contaminants. Raccoons are also rela¬ 

tively long-lived, and able to thrive despite relatively high parasite loads and exposure to 

a variety of infectious diseases and environmental contaminants. In addition, specimens 

are often readily available because of nuisance control activities and regulated hunting 

and trapping. 

We analyzed tissues from 62 raccoons collected in 1983-85 in Illinois for concentrations 

of cadmium (Cd), copper (Cu), lead (Pb), mercury (Hg), selenium (Se), and zinc (Zn). 

Our objectives were to 1) provide an historic benchmark for concentrations of selected 

elements in raccoons from Illinois, 2) compare liver Pb concentrations with those previ¬ 

ously reported for this species in Illinois, 3) contrast concentrations of selected contami¬ 

nants in raccoons from Illinois with those reported for other regions, and 4) compare 

concentrations of selected metals and Se with those reported in mink (Mustela vison) and 

river otters (Lontra canadensis) from Illinois. 

METHODS 

Specimens were solicited from cooperating fur buyers during the 1983-84 and 1984-85 

Illinois trapping seasons (Nov-Jan.). Raccoons were captured in drainages in agricultural 

areas, e.g. along agricultural drainage ditches and wooded stream/river bottoms, of 

Dekalb, Kane, Kendall, LaSalle, and Richland counties. We combined years except 

where Method Detection Limits (MDLs) were different. Locations (counties) were also 

combined to increase sample sizes and because we were interested in the range of 

observable contamination for agricultural habitats in Illinois. 

Kidney, liver, and muscle samples were placed in aluminum foil and frozen until prepa¬ 

ration at the Illinois Natural History Survey Analytical Chemistry Laboratory. Duplicate 

samples were digested with HN03 and HC04, diluted as necessary, and analyzed for Cd, 

Cu, Pb, Se, and Zn by inductively coupled argon-plasma emission spectroscopy (ICP- 

AES) with a Jarrell-Ash Model 975 Plasma AtomComp spectrometer. Hg concentrations 

were determined by cold-vapor atomic absorption spectrometry with a Fisher Model HG3 

Mercury Analyzer. Twenty ml H2S04, 10 ml HN03, and 20 ml 5% KMn04 were added 

to duplicate 1.0 g. samples for 15 minutes before adding 10 ml 5% K2S408 and placing in 

a hot water bath. Crystalline KMn04 was added until a constant color remained, after 

which samples were cooled and diluted to 100 ml before analysis. Measures of accu¬ 

racy and precision, including standards, matrix spikes, and blanks were acceptable. 

Differences in mean concentrations between sexes and age classes were compared using 

the Student’s t-test (Zar 1984). Kidney Cd, Cu, Hg, and Pb, and liver Cd and Hg were 

log-transformed prior to statistical analyses to improve distributions. Sexes were com¬ 

bined, as no significant variation in residue concentrations between genders was detected 

(P> 0.13). Previous studies have also indicated a lack of variation in contaminant levels 

between the sexes in raccoons (Clark, Jr. et al. 1989; Herbert and Peterle 1990; Khan et 

al. 1995; Sanderson and Thomas 1961). We detected significant age-related variation in 

liver Cd and Hg levels; differences in mean kidney Cd concentrations between age 

groups were substantial though not statistically significant. Data from both age classes of 

raccoons (juvenile < 1 year of age; adult > 1 year of age) were initially combined to allow 

comparison with published information; subsequently we discuss comparisons of age- 
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related variation in metal concentrations. The relationship between Cd and Zn concen¬ 

trations was compared using simple linear correlation (Zar 1984). For statistical pur¬ 

poses, concentrations below the Method Detection Limit (MDL) were entered at Vi MDL, 

if > 60% of the samples had concentrations > MDL. Otherwise, descriptive statistics 

represent data > MDL. The Method Detection Limit is the “minimum concentration of a 

substance that can be identified”, and is “related to the standard deviation of the meas¬ 

ured value at or near zero concentration of the analyte” (Glaser et al., 1981:1426). Data 

reported for raccoons in other studies are provided in Appendix A for the interested 

reader. 

RESULTS AND DISCUSSION 

Concentrations of Selected Elements in Raccoon Tissues 

Cadmium tCd) 

Cd was detected in the kidneys of nearly half of the raccoons collected in 1983-84 (Table 

1). With the exception of specimens from Ontario, the mean concentration of Cd in renal 

tissue of raccoons in this study was lower than reported for other areas (Appendix A). 

The mean and maximum Cd concentrations were lower in liver than in kidney tissue 

(Table 2). The MDL was higher in 1983-84 than in 1984-85, thus the number of detec¬ 

tions was higher during the latter period, although the maximum values were similar. 

The mean hepatic Cd concentration in our 1984-85 sample was considerably lower than 

in raccoons from Michigan and New York, but was similar to that reported for raccoons 

from Ontario (Appendix A). 

The mean Cd concentration was higher in the kidneys of adult (x= 1.35 ppm, n= 9) than 

juvenile (x = 0.74 ppm, n= 22) raccoons, as was noted by Herbert and Peterle (1990) for 

raccoons from Michigan. However, renal Cd concentrations in our study were highly 

variable, thus the difference between age classes was not statistically significant (P= 

0.18). The mean concentration of Cd in liver was greater in adult (0.42 ppm, n= 24) than 

in juvenile (0.25 ppm, n= 38) raccoons (P= 0.03). Herbert and Peterle (1990) also found 

higher concentrations of Cd in the livers of adult as compared with juvenile raccoons. Cd 

and Zn are known to co-accumulate in the kidney and liver of birds (Scheuhammer and 

Templeton 1990). However, in our study only weak relationships existed between renal 

(r= 0.14, P- 0.45) and hepatic (for 1984-85, r= -0.12, P=0. 54) Cd and Zn in raccoons. 

Cd was not detected in raccoon muscle tissue (Table 3). 

Copper (Cu) 

Cu was detected in the kidneys of all but two of the raccoons collected in 1983-84 (Table 

1). The mean concentration of Cu in liver was 31% higher than in kidneys (Table 2). 

The mean concentrations of Cu in the kidneys and livers of raccoons in our study were 

similar to that reported for this species from Ontario (Appendix A). The mean concen¬ 

tration of Cu in muscle tissue was considerably lower than in kidney and liver tissue 

(Table 3). 

Lead (Pb) 
Pb was detected in 23% of the raccoon kidneys examined (Table 1). Concentrations of 

Pb in kidneys of raccoons with concentrations > MDL were lower than reported for 

raccoons from Alabama and New York, but were higher than in raccoons from Michigan 
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and Florida (Appendix A). Pb was detected in 16% of the livers examined, and the mean 

hepatic concentration was 46% higher than the renal concentration (Table 2). The 

hepatic Pb concentrations of raccoons with concentrations > MDL were considerably 

lower than reported for Illinois raccoons collected nearly three decades prior to our study 

(Appendix A). It is tempting to speculate that this decline in Pb in Illinois raccoons 

between 1958-59 and 1983-85 resulted from efforts to reduce lead in the environment, 

i.e. the use of unleaded gasoline. The raccoons examined by Sanderson and Thomas 

(1961) were collected from various counties throughout Illinois including Du Page 

(which borders Kendall and Kane counties) and Richland counties. With the exception of 

Michigan, liver Pb levels in Illinois raccoons in our study were lower than reported for 

other areas (Appendix A). Pb was detected in few muscle samples (Table 3). 

Mercury (Hg) 

Mercury was detected in the kidneys of 70% of the Illinois raccoons examined (Table 1). 

The mean renal concentration observed in this study was lower than in raccoons from 

other areas (Appendix A). Hg was detected in a higher proportion of livers than kidneys, 

and the mean concentration was higher in hepatic tissue (Table 2). The mean liver Hg 

concentration in our sample was lower than in raccoons from other areas of North Amer¬ 

ica (Appendix A). Mean Hg concentrations were significantly greater in livers of adult 

(0.20 ppm, n= 24) than juvenile (0.04 ppm, n= 38) raccoons (P= 0.002). The frequency 

of detection and mean concentration of Hg in muscle was lower than in liver and similar 

to that of kidney tissue (Table 3). 

Selenium (Se) 

Se is an essential element, and the MDLs for Se in our study were high. Consequently, 

Se was detectable in only 48% of the kidneys from Illinois raccoons (Table 1). The mean 

concentration of Se in kidneys was similar to those of raccoons from Ontario and New 

York (Appendix A). The maximum hepatic Se concentration we observed was similar to 

mean values for raccoons from Ontario and Michigan, but was below the range of values 

observed in raccoons from Kesterson National Wildlife Refuge, California, an area 

known to be contaminated with high concentrations of Se (Table 2). Few raccoon mus¬ 

cle samples contained detectable concentrations of Se (Table 3). 

Zinc (Zn) 

Zn was detected in all of the raccoon kidneys examined (Table 1). The mean concentra¬ 

tion of Zn in kidneys was higher than reported for raccoons from Michigan, but consid¬ 

erably lower than in this species from Florida (Appendix A). Zn was detected in all of 

the liver samples analyzed (Table 2), and the mean and maximum concentrations were 

higher than in kidney tissue. The mean hepatic Zn concentration in our study was essen¬ 

tially identical to that observed in raccoons from Ontario (Appendix A). Zn was were 

detectable in all of the raccoon muscle tissue samples, and the mean concentration in 

muscle was higher than in liver and kidneys (Table 3). 

Heavy metal concentrations in the tissues of raccoons from Illinois were variable (e.g. 

higher, lower, or similar) with regard to those in raccoons from other portions of the 

United States and Canada. Collectively, raccoons in prior studies were sampled from a 

variety of environments including urban areas, near sewage treatment plants, along 

highly agriculturalized drainages, downstream of industrial areas, and “natural” habitats, 
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along with collections of a broader nature (e.g. county-wide basis). Hamir et al. (1994) 

found higher blood lead concentrations in raccoons inhabiting urban areas than in speci¬ 

mens occupying rural areas. Most of the studies we referenced for comparative purposes 

were conducted within 5 years of ours, and so were temporally comparable. Our speci¬ 

mens were collected from highly-agriculturalized drainages, without access to large 

urban areas or concentrated industrial or manufacturing activity. Thus, the tissue con¬ 

centrations we observed may be considered background values for raccoons inhabiting 

agricultural areas in Illinois. 

Although raccoons are considered to be tolerant of exposure to environmental contami¬ 

nants (Sanderson and Thomas 1961; Herbert and Peterle 1990; Hamir et al. 1999), little 

information exists with regard to critical tissue concentrations in this species. Hamir et 

al. (1999) failed to detect clinical signs, changes in hematology, or important histopathol- 

ogy in dosed raccoons with liver and kidney Pb concentrations, respectively, of as high as 

77 and 31 ppm. Sanderson and Thomas (1961) failed to detect differences in body con¬ 

dition in raccoons with livers containing from 0 to 32 ppm Pb. However, an inverse 

relationship between relative adrenal weight and liver Pb concentration was observed in 

that study. The authors suggested that a combination of Pb exposure and pneumonia or 

injury may have been responsible for illness or death observed in some animals they 

examined. Our maximum value (3.96 ppm) was similar to the minimum liver Pb con¬ 

centration (4 ppm) for animals in their study which were sick or found dead. Liver and 

kidney Pb concentrations above 10 ppm (4.38 ppm wet weight) and 25 ppm dry weight 

(8.42 ppm wet weight), respectively are considered diagnostic of acute Pb poisoning in 

wild mammals (Ma 1996). Abnormal behavior and microscopic anatomical changes in 

renal and hepatic tissue were documented in a raccoon with a liver Pb concentration of 35 

ppm wet weight (Diters and Nielsen 1978). Although some minor histological changes 

were noted in several animals, Clark, Jr. et al. (1989) concluded that liver Se concentra¬ 

tions of up to 31 ppm dry weight were having no negative impacts on raccoons. The 

maximum Se concentration in raccoons from Illinois (converted to dry weight) fell below 

the range of values observed in that study. After summarizing the available literature on 

Cd in wildlife, Eisler (1985) concluded that renal or hepatic concentrations of > 10.0 

mg/kg wet weight were indicative of cadmium exposure, and that tissue concentrations of 

13.0 to 15.0 mg/kg “probably” posed a hazard to animals at higher trophic levels. 

Thompson (1996:351) considered Hg concentrations of > 30 mg/kg wet weight in liver or 

kidneys to be “lethal or at least harmful” to wild mammals. Based on these studies, it 

seems unlikely the concentrations of heavy metals and Se we observed were having a 

direct impact on raccoons inhabiting agricultural drainages in Illinois. 

Comparisons with mink and river otters from Illinois 

A need exists for comparative information on exposure and accumulation of contami¬ 

nants among species to identify sentinel species which may be used as environmental 

indicators or biomonitors. We compared the rate of detection and mean concentrations of 

selected elements observed in raccoons in our study with published information for mink 

and river otters collected in Illinois during the 1980's (Halbrook et al., 1996). 

Cd was detected more frequently in liver tissue of raccoons (77%) than mink (55%) even 

though the MDL was higher for the raccoons (0.07 vs. 0.04 ppm). Cd was not detected in 

livers of river otters at an MDL of 0.10 ppm (Halbrook et al., 1996). Pb was detected 
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more frequently in the livers of raccoons (16%) than mink (10%), even though the MDL 
was higher for raccoons (0.81 ppm vs. 0.68). Lead was not detectable in the livers of 
river otters at a lower MDL (0.05 ppm) than in either raccoons or mink. Hg was detect¬ 
able in a larger proportion of mink (97%) as compared with raccoon (87%) livers at the 
same MDL (0.005 ppm). Hg was not detected in the livers of river otters; however, the 
MDL for that species was rather high (2.0 ppm). Detection limits for Se were rather high 
(1.27 to 4.0 ppm); subsequently this element was detected in few samples. However, the 
detection rate for Se in kidneys was considerably greater in raccoons (48%) than in mink 
(21%), even though the MDLs were similar (1.27 and 1.35 ppm). 

Mean concentrations of some elements were consistently lower (with the exception of Cd 
in muscle), while others were higher, in the tissues of mink and river otters than in the 
raccoons we examined (Table 4). For the most part, the maximum observed concentra¬ 
tions reflected these patterns. The exceptions were the maximum kidney Cu concentra¬ 
tion which was higher in raccoons than river otters, and the maximum renal Hg concen¬ 
tration, which was slightly higher in raccoons than in mink. The maximum concentration 
of Se in the kidneys of mink was also lower than in the kidneys of raccoons. 

Differences in tissue Hg concentrations between raccoons and the semi-aquatic mink and 
river otter may result from differences in food habits. As compared with raccoons, the 
diets of mink and river otters may contain a higher proportion of fish and other aquatic 
life (Lotze and Anderon, 1979; Lariviere, and Walton, 1998; Lariviere, 1999) which may 
accumulate high levels of this metal (Eisler, 1987; Wren et al., 1995). Sheffy and St. 
Amant (1982) also reported that raccoons had lower concentrations of Hg in their tissues 
than both mink and river otters. However, river otters from Ontario had lower liver and 
similar kidney Hg concentrations, when compared with raccoons from the same water¬ 
shed (Wren, 1984). Such differences could reflect regional variation in diets or Hg 
bioavailability. 

Cu and Zn are essential elements, the levels of which normally are regulated by physiol¬ 
ogic processes (Eisler 1993, 1997). Thus, differences in tissue concentrations among 
raccoons, mink, and river otters may represent normal, inter-specific variation in concen¬ 
trations of those metals. The fact that the tissue Cu and Zn concentrations we observed in 
raccoons were similar to those in raccoons from Ontario (Wren, 1984), and that raccoons 
in that study had higher tissue Zn, and lower liver and muscle Cu, concentrations than 
river otters, supports this hypothesis. 

The reasons for higher concentrations of Cd and Pb in the tissues of raccoons can only be 
speculated. Seasonally, the diet of raccoons may contain a substantial proportion of 
earthworms, grubs, ground-dwelling insects, and other invertebrates (Schwartz and 
Schwartz, 1981; Hoffmeister, 1989) which may accumulate Cd and Pb from the soil; 
raccoons also have a high rate of soil ingestion (Beyer et al., 1994). These habits, cou¬ 
pled with their greater tolerance for human activity and more-terrestrial foraging habits 
than the semi-aquatic mink and river otter may increase their exposure to these metals 
(e.g. by foraging along roadsides, at industrial/waste sites, and fertilized agricultural 
fields, etc). Additionally, raccoons are considered to be tolerant of contaminant exposure 
and degraded habitats, whereas mink and river otters are sensitive to exposure to envi¬ 
ronmental contaminants (Aulerich and Ringer 1977; Tillitt et al. 1996; Wren et al. 1995). 
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Thus, mink and otters may avoid degraded waters where raccoons continue to forage (e.g. 

streams degraded by sewage effluent), or may succumb to the effects of certain contami¬ 

nants (e.g. Cd and Pb) at tissue concentrations tolerated by raccoons. 
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Table 1. Frequency of detection and concentration (ppm wet weight) of selected ele¬ 

ments in kidneys of raccoons collected during 1983-85 in Illinois. 

Element MDLa 
Frequency of 

Detection5 
Concentration 

x ± SE (min-max) 

Cadmium 0.53 14/31 1.70 ± 0.31 (0.67-4.29) 
Copper 0.22 29/31 3.31 ± 0.31 (0.11-6.57) 
Lead 0.71 7/31 0.98 ± 0.09(0.72-1.35) 
Mercury 0.005 22/31 0.029 ± 0.01 (0.0025-0.254) 
Selenium 1.27 15/31 2.14 ± 0.17(1.31-4.0) 
Zinc 0.25 31/31 26.1 ± 1.1 (16.5-49.3) 

a Method Detection Limit 

b number of samples having detectable concentrations/total number of samples 

Table 2. Frequency of detection and concentration (ppm wet weight) of selected ele¬ 

ments in livers of raccoons collected during 1983-85 in Illinois. 

Element MDLa 

Frequency of 

Detection5 

Concentration 

x ± SE (min-max) 

Cadmium 0.53c 4/31 0.78 ± 0.12(0.60-1.09) 

0.07d 24/31 0.29 ± 0.04(0.035-1.01) 

Copper 0.29 59/62 4.32 ± 0.54(1.27-26.70) 

Lead 0.81 10/62 1.43 ± 0.36 (0.81-3.96) 

Mercury 0.005 54/62 0.10 ± 0.04(0.0025-2.06) 

Selenium 1.3 4/62 1.82 ± 0.26(1.31-2.45) 

Zinc 0.25 62/62 34.9 ± 1.3 (19.1-58.3) 

a Method Detection Limit 

b number of samples having detectable concentrations/total number of samples 

c 1983-84 

d 1984-85 
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Table 3. Frequency of detection and concentration (ppm wet weight) of selected ele¬ 

ments in muscle of raccoons collected during 1983-85 in Illinois. 

Element MDLa 

Frequency of 

Detection11 

Concentration 

x ± SE (min-max) 

Cadmium 0.53c 0/31 

0.07“ 0/31 

Copper 0.29 54/62 1.21 ± 0.07(0.32-1.91) 

Lead 0.7 lc 1/31 0.79 

0.8 ld 2/31 1.04 ± 0.07(0.97-1.11) 

Mercury 0.005 47/62 0.015 ±0.001 (0.0025-0.052) 

Selenium 1.28 4/62 1.80 ± 0.17(1.41-2.17) 

Zinc 0.11 62/62 51.5 ± 1.36 (31.0-88.8) 

a Method Detection Limit 

b number of samples having detectable concentrations/total number of samples 

c 1983-84 

d 1984-85 

Table 4. Mean concentrations of selected elements in tissues of mink and river otters 

from Illinois (from Halbrook et al., 1996) relative to mean concentrations 

observed in raccoons in the current study. 

Element 

Mink River Otter 

Kidney Liver Muscle Kidney Liver Muscle 

Cadmium Lower Lower Higher NA Lower/ND NC 

Copper Higher Higher Higher NA Higher Higher 

Lead Lower/ND Lower NC NA Lower/ND NC 

Mercury Higher Higher Higher NA ND ND 

Zinc Lower Lower Lower NA Lower Lower 

NA= not available, tissue not analyzed 

Lower/ND= analytes not detectable at detection limit lower than mean concentration in 

raccoons 

NC= no comparison; insufficient samples of both species with detectable concentrations 

of analyte 

ND= not detectable; detection limit considerably higher than for raccoons 
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Appendix A. Mean concentrations (pg/g or ppm wet weight) of selenium and selected 

metals in kidney and liver tissue of raccoons as reported in previous 

studies. 

Element Tissue Locale Concentration Source 

Cadmium Kidneys ONT 1.22 Wren, 1984 

MI 3.48 Herbert and Peterle, 1990 

FL 2.48 Hoffet al., 1977 
NY 6.40a Valentine et al., 1988 

Liver ONT 0.23 Wren, 1984 

MI 0.79 Herbert and Peterle, 1990 

NY 0.85a Valentine et al., 1988 

Copper Kidneys ONT 3.99 Wren, 1984 

Liver ONT 4.8 Wren, 1984 

Lead Kidneys MI 0.20 Herbert and Peterle, 1990 

FL 0.47 Hoffet al., 1977 

AL 4.95 Khan et al., 1995 

NY 3.1 la Valentine et al., 1988 

Liver IL 6.1 Sanderson and Thomas, 1961 

MI 0.24 Herbert and Peterle, 1990 

AL 3.24 Khan et al., 1995 

CT 6.2 Diters and Nielson, 1978 

NY 3.57a Valentine et al., 1988 

Mercury Kidneys ONT 1.1 Wren, 1984 

WI 1.36 Sheffy and St Amant, 1982 

MI 0.27 Herbert and Peterle, 1990 

AL 0.24 Khan et al., 1995 

NY 0.18a Valentine et al., 1988 

Liver ONT 4.5 Wren, 1984 

WI 2.01 Sheffy and St. Amant, 1982 

GA 1.43,2.34,4.53 Bigler et al., 1975 

MI 1.18 Herbert and Peterle, 1990 

AL 0.41 Khan et al., 1995 

NY 5.82a Valentine et al., 1988 

Selenium Kidneys ONT 1.9 Wren, 1984 

MI NDb Herbert and Peterle, 1990 

NY 3.08a Valentine et al., 1988 

Liver ONT 2.8 Wren, 1984 

MI 2.29 Hebert and Peterle, 1990 

CA (Kesterson) 4.40 to 10.5 Clark, Jr., et al., 1989 

CA (reference) 0.30 to 1.99 

NY 0.96a Valentine et al., 1988 

Zinc Kidneys ONT 29.5 Wren, 1984 

MI 18.6 Herbert and Peterle, 1990 

FL 75.9 Hoff et al., 1977 

Liver ONT 34.4 Wren, 1984 

MI 44.4 Herbert and Peterle, 1990 

a published as dry weight; converted to wet weight, kidneys 2.283, liver 2.967. 

b Not Detectable 
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ABSTRACT 

We examined the densities and movements of small mammals in a post-harvest, central 

Illinois cornfield bordering a residential subdivision during Oct. - Dec. 1999. A total of 

129 captures (78 individuals) of three genera were recorded in 3,360 live-trap nights. 

The three trapping sessions (four nights/session) averaged 0.0355 captures per trap night. 

There were significant differences in the number of captures and the number of individu¬ 

als between trapping sessions (%2 = 62.12, df = 2, P < 0.001 for number of captures, and 

f = 31.64, df = 2, P < 0.001 for number of individuals). Two different methods were 

used to estimate densities of small mammals. Both methods indicate a three-fold increase 

in density shortly after tilling (17.0 to 22.1 ind/ha), and then a return to original values 

(6.3 to 10.3 ind/ha) one month after tilling. Mean daily movement of individuals and 

mean movement per trapping session averaged 15.5 m and 30.5 m, respectively. Daily 

movement of individuals did not differ between trapping periods (%2 = 2.32, df = 2, P = 

0.31). In addition, we conclude that there is no difference in the number of individuals 

captured relative to the distance from human-built structure. 

INTRODUCTION 

Small mammal use of agricultural areas in the Midwestern United States has been widely 

documented (Anderson 1951, Whitaker 1967, Getz and Brighty 1986, Hoffmeister 1989). 

Likewise, population size and movements of small mammals in natural habitats are well 

described (Stickel 1968, Terman 1968). However, very little attention has been given to 

mammal population size and movement during post-harvest disturbance in crop fields. 

The typical agroecosystem environment in Illinois is home to several species of small 

mammals that may impact human health and agricultural economics. Deer mice (Pero- 

myscus maniculatus) and house mice (Mus musculus) tolerate these highly disturbed 

habitats and dominate the small mammal communities in agricultural ecosystems 

throughout the Midwest (Wooley et al. 1985). Both Peromyscus and Mus eat cultivated 
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crop seeds as a large percentage of their diet (Whitaker 1966) and estimated rodent dam¬ 

age to newly planted corn (Zea mays) can be as high as 57% (Beasley and McKibben 

1976). Conversely, these same mammals may consume up to 64% of the annual weed 

seed, and help control invertebrate species that are detrimental to crops (Getz and Brighty 

1986). Of five habitat types that were sampled by Cummings and Vessy (1994), the deer 

mouse was most abundant in agricultural fields and areas surrounded by agriculture. 

Crop residue or waste grain left in the field may influence the composition of wildlife in 

the area (Warner and Havera 1989), and the distances traveled by foraging individuals 

(Linduska 1942). The first step to assessing potential economic loss is establishing a 

population size for rodents in these types of areas. 

In addition, there has been an emerging concern about several bacterial and viral zoonotic 

diseases carried by small rodents. In particular, Peromyscus maniculatus is a known car¬ 

rier of the frequently fatal human hantavirus (Childs et al. 1998), and in 1996 the Illinois 

department of public health confirmed the first known case of hantavirus in the state (Illi¬ 

nois Department of Public Health 1996). Thus, exposure to these diseases increases as 

urbanization encroaches into agricultural areas. Furthermore, agricultural disturbance 

adjacent to human dwellings may compound the human-rodent interaction when small 

mammals are displaced from their typical settings. 

Our study considered the density and movements of small mammals in an agricultural 

setting during the fall post-harvest period. Specifically, our objectives included deter¬ 

mining the population size of small mammals in an agricultural field relative to adjacent 

residential areas, and to determine if movements of mice are correlated with fall tilling or 

weather patterns such as rain or temperature. 

MATERIALS AND METHODS 

We conducted three trapping sessions, five days and four nights per session, for small 

mammals during fall and winter 1999. The first trapping session (23-26 Oct.) was com¬ 

pleted three weeks after crops were harvested from the field, but before fall tilling 

occurred. The second session (13-16 Nov.) began three days after fall tillage. The final 

session (16-19 Dec.) was completed approximately 28 days after fall tillage. 

The study was conducted on University of Illinois owned farmland in Champaign 

County. Trapping occurred on a 12 ha harvested cornfield, bordered by a residential area 

to the west (mean distance to buildings from edge of the study area = 15 m) consisting of 

several homes and outbuildings. The remaining perimeter of the field (75%) was sur¬ 

rounded by alfalfa (.Medicago spp.), grass pasture (Poa spp.), and corn. 

Sherman live-traps, which were used to capture small mammals, were baited daily with a 

wild birdseed mix and insulated with cotton batting. Each trap was checked twice daily. 

Animals were identified to genus, individually marked with numbered aluminum monel 

ear tags, and then released at the point of capture. Upon release, individuals were 

observed from a distance until they safely took cover in a burrow or under vegetation. A 

31 X 10 rectangular grid system was constructed along the west edge of the field in order 

to sample movements of individual mice. Each 10 m2 section of the grid contained one 
Sherman live trap. 
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We used chi-square goodness of fit (GOF) analysis to test for differences in the number 

of captures (including recaptures) as well as the number of individuals captured between 

trapping sessions. Expected values for this test were calculated by pooling captures from 

all three sessions. 

Population densities based on mark and recapture data were estimated using two meth¬ 

ods. The first estimate was the minimum number alive at capture (Getz 1986). This is 

derived by dividing the number of individuals captured during the trapping period by the 

number of hectares trapped. A second density estimate was performed using the MARK 

program. Program MARK estimates the survival probability from marked animals by 

computing model parameters via numerical maximum likelihood techniques (White and 

Burnham 1999). From this information MARK produces a population estimate with a 

95% confidence interval for the study area. 

Movement results of Peromyscus were based on individual recaptures. Individual 

movements were calculated by measuring the distance between successive captures of the 

same animal divided by the number of days in the interval. Chi-square (GOF) was used 

to determine differences in movements between trapping sessions. Expected values were 

based on pooled movement data from all sessions. 

We examined the number of mammals captured relative to human structure (i.e. homes, 

machine sheds, and garages) in order to determine if densities of rodents were higher 

around areas occupied by humans. Traps were set between 15 and 105 m from structure. 

Captures were pooled from all three sessions, and a linear regression was used to analyze 

difference in the number of captures. 

We recorded agricultural activity within a 0.5 km radius around the study area during the 

months of trapping. This data included land use, dates of harvest, and dates of tilling. 

Weather data were obtained from the Illinois State Water Survey for Urbana, Illinois and 

compared to trapping results. 

RESULTS 

We trapped 78 individuals of three genera, constituting 129 captures during all three ses¬ 

sions (0.0355 captures per trap night). The number of individuals captured per trap night 

(cap/tn) ranged from 0.016 in December to a high of 0.068 in November (Fig. 1). There 

was a significant difference in the number of captures and the number of individuals 

captured between the three trapping sessions (%2 = 62.12, df = 2, P < 0.001 for number of 

captures and %2 = 31.64, df = 2, P < 0.001 for number of individuals captured). Pero¬ 

myscus accounted for 88.5% (n = 69) of the individuals, while Mus (n = 7) and northern 

short-tailed shrews, Blarina brevicauda (n = 2) made up 9.0% and 2.5% respectively. B. 

brevicauda is known to be intolerant of disturbance and is rarely found in tilled fields 

(Hoffmeister 1989). Both shrews were captured less than 2.0 m from an undisturbed 

alfalfa field. We did not consider this species to be a resident of our trapping plot, there¬ 

fore they were not included in our density or movement estimates. 
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Density estimates for Mus and Peromyscus using the minimum number known alive 

method resulted in an average of 9.8 individuals per hectare (ind/ha) over all three ses¬ 

sions. Specifically, estimates for each trapping session was 6.0 ind/ha in Oct., 17.0 ind/ha 

in Nov, and 6.3 ind/ha in Dec. (Fig. 1). When density was calculated using the MARK 

program, estimates were 23 to 39% higher than those derived using the minimum number 

known alive method (Fig 1). 

Mean daily movement between traps for Peromyscus through all three sessions was 15.5 

m with a range of 0 to 60 m/day (Table 1). Some individuals were trapped as many as 

four times during a session, but the distance traveled was variable. Thirty percent of 

recaptured individuals moved less than 10 m/day. Forty-five percent moved 10-20 

m/day, and 25% traveled greater than 20 m/day. The average daily movement was not 

different between trapping periods (%2 = 2.32, df = 2, P = 0.31). The mean movement per 

session was 30.5 m with a range of 0 to 100 m/session (Table 1). 

Linear regression analysis indicates an inverse relationship in the number of individuals 

captured relative to structure (y = - 0.18x + 12.47, R2 = 0.0121). Specifically, it shows a 

decrease in the number of individuals with an increasing distance from structure. 

However, this is a decline of less than two individuals (Fig. 2). 

The mean temperature for the 26 days prior to and during trapping was as follows: 

October 11.58° C, November 11.03° C, and December 3.23° C. This is less than a 0.5° C 

change between session one to two. There was no precipitation during the first two 

trapping sessions and only 0.05 cm during the third session. 

DISCUSSION 

Our findings are unique because the second trapping session provided the highest number 

of captures (n = 84) and the highest density estimates (Fig. 1). Trapping for this session 

began three days after the study site and 50% of the surrounding landscape was tilled. In 

a southern Illinois study, Warburton and Klimstra (1984) trapped a greater number of 

new Peromyscus after tilling when compared with no-till fields and speculated that it was 

due to ingress of transients onto the sampling area. Evidence from our study supports the 

idea of transient influx. In addition, it has been documented that tillage practices result in 

a reduction of resources such as edible crop seed residue (Warner et al. 1985), and the 

destruction of established burrows (Houtcooper 1972). The increase in the number of 

individuals shortly after tillage may reflect mice moving throughout the entire landscape 

in order to acquire new resources. 

The number of individuals captured per trap night at our site (0.016 to 0.067) was 

comparable to other studies carried out in similar landscapes. Warburton and Klimstra 

(1984) found Peromyscus in tilled fields to fluctuate between 0.01 and 0.18 cap/tn in 

central Illinois. In southern Illinois, Getz and Brighty (1986) found an average of 0.072 

cap/tn in corn and soybean (Glycine max) fields. 

Our estimated densities of small mammals using both methods (6.0 to 22.1 ind/ha) were 

similar to other studies. Getz and Brighty (1986) reported densities of 1 1.8 Peromyscus 

and 5.4 Mus per ha in wheat (Triticum aestivum) fields and Terman (1968) reported a 
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density of 15 to 20 Peromyscus per ha in tilled fields. In addition, Young (1984) reported 

densities of deer mice at 12.0 ind/ha in no-till fields. We believe the higher estimates 

from the MARK program may be closer to the actual population size because density 

estimates from live trapping are considered conservative (Shekel 1946, McCord 1953). 

Although population density and captures per trap night were highest during the second 

trapping session, we did not observe a difference in daily movements of individuals 

between sessions. This may be in part due to the fact that trapping may have biased daily 

movements by limiting the amount of time available for movement. Therefore the 

estimates in Table 1 are conservative. 

Because our R2 value and slope were low, we determined the number of captures close to 

human dwellings was similar to, or only slightly less than captures close to structure (Fig. 

2). Our findings are supported by a similar study that noted population levels at field 

edges were equal to levels at greater than 100 m into the field (Young 1984). 

There is evidence that environmental factors such as temperature and rainfall may 

influence the activity of some species of small mammals (Burt 1940). However, Getz 

(1961) reported that slight differences in temperature did not affect the capture of 

animals. He also found that rain had a variable effect on capturing mammals. Given the 

minimal changes in rainfall and temperature, especially during our first two trapping 

sessions, we dismiss weather as a cause for bias in the trapping success or movement of 

individuals. 

We conclude that a major perturbation such as large scale, fall tillage causes mice to 

move throughout the entire landscape in search of resources. Evidence for this includes 

an immediate increase in the population size after tilling, and a decline of population size 

back to pre-tilling levels 28 days later. Since population estimates for the second session 

were more than twice the first and third, in conjunction with an influx of untagged 

individuals, we believe the disturbance from tillage was the largest contributor causing 

individuals to move across our study area. During our sampling period there was little 

evidence to support the hypothesis that there are a higher number of individuals closer to 

human structure than further away. 
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ABSTRACT 

Accurate estimation of population size is essential for understanding the dynamics and 

structure of natural populations as well as for assessing conservation status. For pond¬ 

breeding salamanders, the application of mark/recapture models to partial drift fence 

studies or studies where trespass rates cannot be accurately determined are 

straightforward. Between 17 February 1998 and 1 June 1998 we marked 1150 

salamanders and had 300 recaptures. Using four closed mark/recapture models 

(Schnabel, Schumacher-Eschmeyer, Tanaka, and Marten), we found deviations in model 

assumptions rendering the Schnabel, Schumacher-Eschmeyer, and Tanaka estimates 

invalid. With the Marten model, we estimated a population size of 1,061 (95% C.I. 777< 

N < 1,436). Considering the problems we encountered with the marking regime and drift 

fence, we present some recommendations on the use of mark/recapture estimators for 

drift fence studies. 

INTRODUCTION 

Collecting information concerning a population’s size and related parameters (e.g., 

mortality and recruitment) is the first step in understanding the dynamics and structure of 

natural populations (Seber, 1973). With the growing concern over loss of biodiversity 

and mysterious declines in specific taxa such as amphibians (Wake, 1991), precise 

estimates of population size become increasingly important. It is impossible to determine 

if a species is declining if we have no precise current or historical records of population 

size. In the case of pond-breeding salamanders, one can effectively census the entire 

breeding population by intercepting migrating individuals with a terrestrial drift fence 

and pitfall trap array (Gibbons and Semlitsch, 1981). When the drift fence completely 

encircles the pond, the number of individuals marked, or raw census size, is usually given 

as an estimate of population size. However, because most pond-breeding salamanders 

are fossorial, some individuals may enter or leave the pond undetected, even when using 

a complete drift fence (Semlitsch, 1983a,b). The number of "trespassers" is easily 

determined by marking all individuals as they are encountered in the exterior pitfall traps. 
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Any unmarked individuals encountered in interior pitfall traps are trespassers. Population 

size is estimated simply by adding the number of trespassers to the raw census size. 

Trespass rates range from 9 to 50% depending upon the situation (Trenham et al., 2000; 

Beneski et. al, 1986). In addition, within a single population trespass rates can vary 

yearly and by sex (Trenham et al., 2000). Thus, ignoring trespass can lead to erroneous 

population estimates. 

Trespass rates cannot always be accurately estimated. For example, many breeding 

ponds cannot be completely encircled by a drift fence because of size or shoreline 

complexity. In addition, flooding or damage to a drift fence reduces the accuracy of the 

trespass rate estimate. We believe that census data collected from a partial or 

compromised drift fence can be combined with mark/recapture models to develop robust 

population size estimates. We illustrate this point using closed mark/recapture models on 

drift fence data of unisexual salamanders of the Ambystoma jejfersonianum complex. We 

also provide background information on mark/recapture models of population estimation 

and present general recommendations for applying population size estimators, especially 

when using the drift fence-pitfall trap method for monitoring pond-breeding amphibians. 

METHODS 

Background 

The literature contains many population estimation models based on mark/recapture (see 

summaries in Seber, 1973; White et al., 1982; Nichols, 1992), all of which include two 

basic assumptions: equal catchability among individuals (includes the effects of 

behavioral changes due to marking or experimental design) and no mark loss (tag loss, 

regrowth of clipped toes, or errors in recording and reading marks). All models fall into 

two classes, open or closed. Closed models are simpler because they do not require 

individual marks, but they do include the additional assumption of population closure 

(i.e., the effects of immigration, emigration, natality, and mortality are minimal). The 

familiar Lincoln/Petersen index is the simplest closed model and requires a single 

marking and single recapture period. Robust closed models require multiple sampling 

periods. Open models do not assume population closure and allow the estimation of 

survivability and recruitment, but require the construction of individual capture histories. 

Study Site 

Our study focused on an ephemeral pond basin bordered by mesic forest in Kickapoo 

State Park (KSP), Vermilion County, Illinois, USA. The basin holds water for periods 

varying from a few days to more than one year, but usually only after fall and winter 

precipitation (Phillips unpubl. data). During years of average precipitation, the pond is 

circular and approximately 30m in diameter, but because the basin is very shallow, heavy 

rains can cause the pond diameter to increase to more than 100m making it difficult to 

completely encircle the pond with a drift fence. This pond and two smaller, adjacent 

basins are the only known breeding locations for members of the A. jejfersonianum 

species complex in Illinois. Members of this complex are listed as endangered in Illinois 

and an accurate estimate of population size is needed to establish a long-term 

management plan for the salamanders and the surrounding forest. Three other species of 

ambystomatid salamanders breed in the pond; marbled salamander, Ambystoma opacum; 

spotted salamander, A. maculatum\ and smallmouth salamander, A. texcinum. 
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Procedures 

We surrounded the pond with a drift fence constructed of aluminum window screening 

40 cm high buried a few cm in the ground. We placed drop-cans at 4.4 m intervals along 

the inside and outside the 127m circumference fence. We checked drop-cans after all 

precipitation events between 10 February to 16 April 1998. We anesthetized the 

unisexual polyploids in MS-222 and clipped the outside front left toe with a sterile razor 

blade. After recovery in de-chlorinated water, we released all salamanders on the 

opposite side of the fence. 

Data analysis 

Permit restrictions prevented us from clipping more than one toe per individual and 

therefore from giving salamanders unique marks. This meant we could only consider 

closed models. We chose the Schnabel (1938) and three regression methods 

(Schumacher and Eschmeyer; 1943; Tanaka, 1951; 1952; Marten, 1970) to estimate the 

number of migrating adults during a single breeding season. We addressed the validation 

of equal catchability and population closure using linear regression as outlined by Krebs 

(1989). This was accomplished by examining the relationship between the recapture rate 

at time i (y,) and the cumulative number of individuals available for recapture in the tth 

sample (Mt). If the regression is significant and the y-intercept equals zero, the 

assumptions of equal catchability and population closure are met. Because salamander 

toes do not regenerate within the time frame of our study, mark loss was not a factor. For 

the Tanaka model, we calculated Tanaka’s "/parameter, which determines how well the 

model fits the data. Good fit is achieved if the 95% confidence interval bounds 1 (Seber, 

1973). We calculated all population estimates in Excel 2000® and analyzed all statistics 

in SPSS® ver. 6.1.4. 

RESULTS 

Heavy rains during our study flooded our drift fence twice allowing salamanders to enter 

and leave the pond unnoticed and making it impossible to estimate trespass rate. We 

marked 1150 unisexual polyploids and had 300 recaptures. The majority of individuals 

arrived in modes (Table 1). The range among the four population estimates is large 

suggesting we captured from half to all of the breeding polyploids (Table 2). The 

relationship between y( and Mt was not significantly linear, but the y-intercept did not 

significantly differ from zero (y, = 0.000304Mt + 0.173814, r2 = 0.129, with p = 0.0659 

for slope = 1, and p = 0.226 for y-intercept = 0, n = 27). Tanaka’s model did not tit the 

data (y = 3.32, 95% C.I. 2.99<y < 3.65) either. Marten’s model yielded a population 

estimate below the actual number of individuals marked, although the number actually 

marked was bracketed by the confidence interval. 

DISCUSSION 

Model Comparisons and Fit 
Several factors can be used to assess the performance of our four population estimates. 

First is our test of population closure and equal catchability. Because we failed to 

validate these assumptions, the more restrictive Schnabel and Schumacher-Eschmeyer 

methods will yield erroneous results. Both estimates are three times greater than the 
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number of individuals we marked and would require that 75% of the individuals 

circumvented our drift fence. Even though our entire fence was flooded twice after the 

initial migration, we consider 75% trespass rate during the initial migration to be 

unrealistic. Second, Tanaka’s yindicates this model does not fit the data well. In 

contrast, the Marten model has an estimate less than the census size, but the confidence 

interval bounds our census size. Because Marten’s model is even more relaxed to the 

assumption of closure (Marten, 1970; Seber, 1973), interpreting our results using this 

model is reasonable. Under Marten’s model, the Kickapoo population of unisexual 

Ambystoma contained between 1150 (our census size) and 1436 individuals. Although 

this seems like a large interval, it provides a baseline estimate required for management 

decisions and future studies of the unisexual salamanders at KSP. Further, it is better 

than a simple census size because it accounts for some rate of error and the statistical 

comparisons with future studies. 

Previous Studies at Kickapoo State Park 

The first record of unisexual Ambystoma at KSP is from 1978, when only a few 

individuals were captured (Morris, 1981). In 1980, Morris (1981) captured 333 

individuals using the same drift-fence pitfall trap methods as the present study. Drift 

fence estimates of 106, 95, and 210 were made from 1990 to 1992, respectively (Phillips 

et al., 1997). Our census size is an order of magnitude greater than most of the previous 

estimates. This may represent a significant increase in the number of the polyploid 

Ambystoma at KSP over the past 20 years. However, because none used trespass rate or 

mark/recapture methods, only our raw census size can be compared. 

Comparisons with Other Studies 

Even with the recent summary of mark/recapture population estimation methods given by 

Donnelly and Guyer (1994), little research has been directed toward estimating pond¬ 

breeding salamander population size. Although many researchers collect the data 

necessary to estimate breeding population size, they usually only report the raw census 

size. Others have applied mark/recapture models, but do not explicitly address the 

appropriate assumptions. A literature survey yielded only four drift fence studies that 

used either trespass rate or mark/recapture methods to estimate population size of 

ambystomatid salamanders. Beneski et. al (1986) estimated population size of A. 

macrodactylum and by using capture efficiency of the drift fence (the inverse of trespass 

rate) as a correction factor. Trenhman et al. (2000) adjusted their drift fence captures by 

their trespass number to achieve a robust population size estimate of Ambystoma 

californiense. Two studies used closed mark/recapture models to estimate population 

size of A. talpoideum and A. macrodactylum, but did not explicitly address the underlying 

assumptions (Raymond and Hardy 1990; Fukumoto and Herrero 1998; respectively). 

Recommendations for Use of Mark/Recapture Models 

First, consideration of model options should take place before the study begins (Donnelly 

and Guyer, 1994) so that certain model classes are not omitted. Open models are 

preferable to closed models, but require that individual salamanders be given unique 

marks. Although it may be difficult and expensive to individually mark amphibians, both 

survivability and recruitment data can be obtained from open models. These parameters 

can play an important role in management strategies. Further, both open and closed 

models can be combined to obtain results for long-term studies. Pollock (1982) outlined 
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a methodology whereby closed model estimates are used for secondary periods (i.e., 

within years) and open models used for primary periods (i.e., between years). 

Second, the appropriate assumptions must be explicitly addressed regardless of which 

model is chosen. If assumptions are violated, one must investigate how various models 

perform under deviations from each assumption. For example, Marten’s model is more 

relaxed to deviations from equal catchability than other models (Marten, 1970; Otis et al., 

1978). Other options for deviations from equal catchability include segmenting the 

population into classes such as sex or age, and then performing a population estimate of 

each class (Marten, 1970). If salamanders were not given unique marks and population 

closure is not supported, then none of the standard population methods reported in the 

literature, including the Lincoln/Petersen index, are appropriate. Depending on the 

severity of the deviations, statistical estimation based on mark/recapture may be 

impractical. 

Third, after data have been collected and several models applied, explicit justification for 

choosing among competing estimates should be given. Some models allow for direct 

testing of fit (e.g. Tanaka and Jolly-Seber models) and specialized programs have been 

developed to test competing models (Otis et al., 1978). Even in the best-planned studies, 

the evaluation process may converge on more than one estimate. For those situations, 

researchers may follow Seber’s (1973) recommendation of using different methods in 

tandem, such as removal sampling and quadrat sampling along with mark/recapture. 

When the estimate is finally obtained, it can serve as a basis for comparison with future 

studies and even allow for direct statistical testing among populations or across time in 

the same population. Only with accurate estimates can trends in population size be 

documented. 
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Table 1. Mark/recapture data for the 1998 field season for a population of unisexual 

clonal salamanders of the genus Ambystoma at Kickapoo State Park, Vermilion 

County, Illinois. Mt is the cumulative number of individuals marked and y{ is 

the proportion of recaptures in the ith sample. 

Date Marked M, Recaptured Total y, 
2/17/98 5 5 0 5 0.000 

2/18/98 91 96 2 93 0.022 

2/19/98 0 96 5 5 1.000 

2/20/98 9 105 1 10 0.100 

2/26/98 2 107 0 2 0.000 

2/27/98 247 354 6 253 0.024 

3/3/98 5 359 0 5 0.000 

3/6/98 1 360 3 4 0.750 

3/9/98 246 606 50 296 0.169 

3/16/98 3 609 1 4 0.250 

3/17/98 2 611 4 6 0.667 

3/18/98 422 1033 108 530 0.204 

3/19/98 5 1038 4 9 0.444 

3/20/98 26 1064 25 51 0.490 

3/23/98 2 1066 0 2 0.000 

3/27/98 1 1067 13 14 0.929 

3/28/98 39 1106 17 56 0.304 

3/29/98 5 1111 2 7 0.286 

3/31/98 8 1119 4 12 0.333 

4/1/98 9 1128 20 29 0.690 

4/4/98 12 1140 6 18 0.333 

4/7/98 2 1142 1 3 0.333 

4/8/98 7 1149 23 30 0.767 

4/12/98 0 1149 2 2 1.000 

4/14/98 0 1149 1 1 1.000 

4/16/98 0 1149 2 2 1.000 

5/1/98 1 1150 0 1 0.000 

Total 1150 300 1450 



118 

Table 2. Model estimates, estimated proportion of the population captured, and 

confidence intervals for the Schnabel (1938), Schumacher-Eschmeyer 

(1943), Tanaka (1951,1952) and Marten (1970) estimators for a population 

of unisexual clonal salamanders of the genus Ambystoma studied in 1998 

at Kickapoo State Park, Vermilion County, Illinois. 

Estimator Estimate 95% C. I. 

Schnabel 3,661 3,247 <N <4,152 

Schumacher-Eschmeyer 3,554 2,817 < N < 4,812 

Tanaka 970 806 <N< 1,168 

Marten 1,061 777 <N< 1,436 
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BOOK REVIEW #6 

Claude Gagnon (editor). The Male Gamete: From Basic Science to Clinical Applica¬ 

tions. 1999. xi + 516 pages; table of contents; list of contributors; photographs; light and 

electron micrographs; figures; tables. Cache River Press, IL. Glossy Paper. Hard Cover. 

Price: US $99.95. Available from Cache River Press, 2850 Oak Grove Road, Vienna, IL 
62995. 

“Is sperm dead?” That is a question I overheard a few years ago while exiting a just- 

completed symposium at which alternative methods of oocyte activation were discussed. 

Indeed, searches of recent reference indexes generally yield very few entries under the 

title, sperm. Spermatozoa have not been the most popular subjects for investigation in 

the last decade; however in The Male Gamete: From Basic Science to Clinical Appli¬ 

cations, the reader will discover that research on sperm is still a very productive 
endeavor. 

The sperm is, of course, the vehicle by which the male’s nuclear payload is delivered to 

the female gamete. It was one of the first cell types observed by early microscopists and 

has been an object of study for centuries. Some of the first investigators believed that 

they could visualize a complete, small person inside the sperm head. Fortunately, that 

notion was short-lived. Over time, with the discovery of chromosomes and with an 

increased knowledge of genes, the sperm’s role in sexual reproduction became more 

clearly understood. And during the last half of the twentieth century spermologists have 

elucidated the mechanisms of the functions of spermatozoa. Gagnon, a reproductive 

biologist, at McGill University and the Royal Victoria Hospital, has assembled forty-six 

papers that detail many spermatozoic functions. Over a hundred authors describe work 

that has been carried out on a range of species including several taxa of vertebrates and 

invertebrates. 

The book is divided into two sections. The first, Basic Knowledge, addresses the physio¬ 

logical aspects of spermatozoic functions. The subheadings are: Regulation of sper¬ 

matogenesis, Sperm-reproductive tract interaction, Signal transduction and regulation of 

sperm function, Sperm receptors for the zona pellucida, Egg-sperm interaction, Fate and 

importance of sperm structures, and Advances in sperm taxonomy and phylogeny. Each 

subheading contains multiple papers and provides a comprehensive and balanced review 

of each topic. Furthermore, there are intimations throughout the entries of avenues for 

further work. The second section, Clinical Applications, is divided into three subhead¬ 

ings. They are: Structured management of male infertility. Controversies in applied 

spermatology, and Current topics in spermatology. As in the first section, each sub¬ 

heading contains several papers. Although the majority of these entries deal with human 

and clinical aspects, several relate to reproduction in domestic species and one addresses 

population control of wild animals. 

The editor has done an excellent job preparing this volume. Perhaps the most difficult 

task for any editor is deciding what topics to exclude (or finding contributors for selected 

topics). There are few inclusions on the role of the male tract beyond the testis and only 

one paper is devoted to the function of the epididymis. Furthermore, there are no papers 

that deal with the male accessory glands. But in spite of these shortcomings, the book is 
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a solid contribution to the field of reproductive science. It would enhance the reference 

shelf of any reproductive biologist and any university library. 

Reviewer: Richard Beil, Professor of Physiology, Department of Biological Sciences, Chicago 
State University, Chicago, IL 60628 
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ABSTRACT 

Four prairie restoration sites were studied at the Prairie Ridge State Natural Area in Jas¬ 

per County, Illinois. The first restoration was planted in 1967, the last in 1997. All sites 

were dominated by native grasses, Sorghastrum nutans Nash (Indian grass) and Andro- 

pogon gerardii Vitman (big bluestem) being the most important with Schizachyrium 

scoparium (Michx.) Nash (little bluestem) occurring on two sites. Solidago canadensis 

L. (tall goldenrod), S. nemoralis Ait. (field goldenrod) and Euthamia graminifolia (L.) 

Salisb. (grass-leaved goldenrod) were the common perennial forbs. Plant species diver¬ 

sity was not particularly high, ranging from 53 to 92 taxa, of which 10% to 18% were 

adventive species. The floristic quality index varied from 18.8 to 26.1, with no conser¬ 

vative prairie taxa being encountered on the sites. 

INTRODUCTION 

Tallgrass prairie was once common throughout the central United States and adjacent 

Canada. Almost no original prairie remains in Illinois where more than 61% of the land 

was once covered by prairie vegetation (Iverson et al. 1991). Now numerous attempts 

have been made to recreate or restore prairie communities in Illinois (McClain 1986, 

1997; Packard and Mutel 1997). 

As agricultural practices became more intense during the first half of the twentieth cen¬ 

tury, the greater prairie chicken (Tympanuchus cupido) population underwent a precipi¬ 

tous decline (Simpson 1998). The Prairie Ridge State Natural Area (PRSNA) had its 

origin with the establishment of the Prairie Chicken Foundation in 1959, with the goal of 

saving the declining Illinois' population of the greater prairie chicken. Land purchases 

for the PRSNA began in 1962 when the Prairie Chicken Foundation, The Nature Conser¬ 

vancy, and the Illinois Department of Natural Resources purchased property to protect a 

small population of the greater prairie chicken (Sanderson et al. 1973, McFall and Karnes 

1995). 

The PRSNA is presently 1,100 ha in size and is managed by the Illinois Department of 

Natural Resources. The PRSNA now consists of many diverse habitats, including wet- 
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lands, native grasslands, and introduced grasslands (Simpson 1998). Currently 17 state 

endangered and eight state threatened taxa are known from the PRSNA (Herkert 1992, 

Simpson and Esker 1997, Simpson 1998). 

Since the original purchase, many tracts of land have been purchased and incorporated 

into the PRSNA. All of the purchases were of cultivated lands which were left fallow, or 

planted into grasslands to create habitat for the greater prairie chicken. Some sites were 

planted to cool-season, non-native grasses, others to various mixtures of native prairie 

species with a dominance of grass taxa. The present study was undertaken to quantify the 

differences in plant species composition and abundance at four different aged prairie 

restoration sites at the PRSNA. 

METHODS 

The PRSNA was visited weekly during the growing season of 1998 and occasionally in 

1999 and 2000 to record the presence and abundance of the vascular plant species found 

at each of four restoration sites (Kessler 2000). Voucher specimens of all species 

observed were collected and deposited in the Stover- Ebinger herbarium of Eastern Illi¬ 

nois University, Charleston, Illinois (EIU). Nomenclature follows Mohlenbrock (1986). 

The species encountered are listed in Appendix I. 

During mid-summer of 1998 a 50 m line transect was established near the center line of 

the long axis of each study site. Along each transect, 1/4 m2 quadrats were randomly 

located at one meter intervals, odd numbered quadrats to the right, even numbered quad¬ 

rats to the left. A random numbers table was used to determine the number of meters the 

quadrats were located from the transect line (0-9). Percent cover was determined using 

the Daubenmire (1959) cover class system as modified by Bailey and Poulton (1968) 

(Class 1 = 0-1%; class 2 = 1-5%; class 3 = 5-25%; class 4 = 25-50%; class 5 = 50-75%; 

class 6 = 75-95%; class 7 = 95-100%). The importance value (IV) for each taxon was 

determined for each study site by summing relative cover and relative frequency. 

The Floristic Quality Index (FQI) was determined for each site using the coefficient of 

conservatism (CC) assigned to each species by Taft et al. (1997). The FQI is a weighted 

index of species richness (N), and is the arithmetic product of the average coefficient of 

conservatism (CC), multiplied by the square root of the species richness (Vn) of an 

inventory site [FQI = mean CC ( Vn")]. The Sorensen Index of Similarity (ISs) (Mueller- 

Dombois and Ellenberg 1974) was used to determine the degree of similarity between the 

study sites [ISs = 2C/(A+B) x 100]. 

DESCRIPTION OF THE PRSNA AND THE STUDY SITES 

The PRSNA is located in Jasper County, Illinois, near the middle of the Effingham Sec¬ 

tion of the Southern Till Plain Natural Division (Schwegman 1973). Prior to settlement 

by European man, tallgrass prairie dominated 64% of Jasper County; currently 84% of 

the land is devoted to agriculture and 5% is woodland, the original prairie restricted pri¬ 

marily to railroad rights-of-way (Barmstedt 1992). 
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The study sites include four separate restored prairies scattered throughout the PRSNA in 

Jasper County. All sites were cultivated, and after purchase were planted to native prairie 

grasses. Sites have been maintained by occasional burns, mowing, and grazing. The 

soils in the study area are composed of Illinois glacial till overlain with loess deposits 

(Willman et al. 1975). Two soil types occur on the study sites, the Hoyleton silt loam and 

the Cisne silt loam (Barmstedt 1992). These grayish brown soils have a high clay con¬ 

tent, poor drainage, moderately low organic content, and occur on level to near level 

ground. The surface layer is friable and about 20 cm thick, the subsoil is a silty clay 
loam, mottled, firm, and 100-150 cm thick. 

Lew’s Prairie 

Approximately 2 ha, this site was planted to prairie grasses in 1967, but no information is 

available on the type of seed used. The site was burned in 1984, 1991, 1995, and 1999, 

mowed in 1983, 1986, 1987, 1992, and 1993, and hayed in 1985. 

McGraw Sanctuary (southwest corner) 

Approximately 1.6 ha, this site was planted in May 1989. Seed source was from a sur¬ 

rounding site that probably contained Ramsey Indian Grass and Kaw Big Bluestem. No 

forbs were added. The site was cut for seed in 1989, burned in 1990, 1992, and 1995, 

and hayed in 1996. 

Galbreath Sanctuary - Field B 

Approximately 2.4 ha, this field was planted in May 1991. The seed was a little bluestem 

mix from Walnut, Lee County, Illinois to which two pounds of mixed forb seed was 

added. This portion of Galbreath Sanctuary was burned in 1993, 1994, 1997, and 2000, 

mowed in 1991 and 1995, and cut for seed in 1997, 1998, and 1999. 

Frohning Farm 

Approximately 4 ha, this site was planted on 19 May 1997. The seed mix was a Missouri 

ecotype of big bluestem plus forbs. 

RESULTS 

The prairie restorations vary from 1.6 to 4 ha in size and with 53 to 92 plant taxa, of 

which adventive species accounted for between 10.2 and 18.8% of the species found 

(Table 1). There was very little correlation between site age and species diversity, the 

1991 restoration have higher species diversity than sites established in 1967 and 1989. 

This is reflected in the higher number of perennial grasses and forbs at this site, as well as 

the higher FQI (28.6) and mean CC (3.26). The FQI of the four restorations using only 

native taxa, ranged from 20.6 to 28.6 with a mean CC of 2.94 to 3.26. 

All sites were dominated by native grasses, Sorghastrum nutans Nash (Indian grass) and 

Andropogon gerardii Vitman (big bluestem) being the most important with Schizachy- 

rium scoparium (Michx.) Nash (little bluestem) occurring on two sites (Table 2). Soli- 

dago canadensis L. (tall goldenrod), S. nemoralis Ait. (field goldenrod), Euthamia 

graminifolia (L.) Salisb. (grass-leaved goldenrod), and Vernonia missurica Raf. (Mis¬ 

souri ironweed) were the common perennial forbs, while Rubus flagellaris Willd. (dew¬ 

berry) was the most important woody species. The few exotic species encountered 



130 

mostly occurring in low numbers. The adventive Setaria faberi Herrm. (giant foxtail) 

was third in importance in the 1997 restoration, while Achillea millefolium L. (common 

yarrow) was occasionally encountered on the other sites. 

DISCUSSION 

Native perennial grasses were the most obvious taxa of the restoration sites. This high 

grass component would be expected, as all planting used a grass mixture containing In¬ 

dian grass, big bluestem, and little bluestem. The only restoration site with a low IV of 

native grasses was Lew's Prairie. This site is somewhat degraded. Salt run-off from 

adjacent oil wells and tanks could have had some effect on the grasses, resulting in an 

increase in tall goldenrod, field goldenrod, and grass-leaved goldenrod (Table 2). 

All of the restoration sites have many species in common as indicated by a similarity 

index ranging from 45.7 to 67.4 (Table 3). The site with the lowest similarity index is 

Frohning Farm. Planted in 1997, this site does not have many of the perennial forbs 

common to the other sites. 

Many species with high IV's were found on three or more of the sites. The top three of 

these species, Indian grass, big bluestem and tall goldenrod, were recorded for all four 

sites, while field goldenrod, grass-leaved goldenrod, dewberry, Missouri ironweed, and 

Eleocharis verrucosa were found on three of the four sites, not occurring in the plots on 

Frohning Farm. 

There was very little correlation between age of the restored site and quality. Many vari¬ 

ables existed between sites, such as seed source, number of burns, and other maintenance 

practices. Lew's Prairie, the oldest site ranked second in similarity to Galbreath Sanctu¬ 

ary, the third oldest of the sites. Lew's Prairie had an FQI of 25.4 compared to an FQI of 

28.6 for Galbreath Sanctuary. This is probably because Galbreath Sanctuary had a more 

diverse seed source, more burns, and less chances for invasion by problem exotics. Gal¬ 

breath Sanctuary is also situated between other natural areas, while the other restorations 

are surrounded by agricultural land. The availability of native seed from surrounding 

areas probably helped to increase the diversity. McGraw Sanctuary, the second oldest 

site, placed fourth with an FQI of 20.6, and the lowest species diversity (Table 1). This 

site was planted in grasses; no forb seed was added; and there was no close seed source 

for native perennials, resulting in a low diversity and therefore a lower FQI. As expected, 

Frohning Farm had a low FQI (21.4), being planted in 1997. This site will require sev¬ 

eral years of management to increase species diversity. 

Most of the species encountered on the restoration sites were recorded by Edgin and 

Ebinger (2000) for a successional prairie community at the PRSNA. This prairie was a 

fallow field at the time of purchase in 1973. Other than prescribed burns, no manage¬ 

ment was undertaken, and no seeds or root stock introduced. Seed originating from a 

nearby cemetery prairie and a roadside were probably responsible for the present diver¬ 

sity where 134 native taxa were found. At this site the FQI was 39.4; the mean CC was 

3.40, with 10 adventive taxa, and a few conservative prairie species present. 
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Appendix 1. Summary of vascular flora at PRSNA 

A consolidated list of the vascular flora observed on the restored prairie sites at Prairie 

Ridge State Natural Area, Jasper County, Illinois in 1998, 1999, and 2000. Families, 

genera, and species are arranged alphabetically. Nomenclature generally follows 

Mohlenbrock (1986). Taxa that are introduced are preceded by an asterisk. Collection 

numbers for voucher specimens are in brackets. Collections made by Bob Edgin are pre¬ 

ceded by E; collections made by Tucker are preceded by T; collections without a prefix 

are those of Kessler. All specimens are deposited at EIU; some duplicates are at ILLS. 

MONOCOTYLEDONEAE (LILIOPSIDA) 

COMMELINACEAE: Tradescantia virginiana L. [371] 

CYPERACEAE: Carex blanda Dewey [242], C. bushii Mack. [249], C. cephalophora 

Willd. [245], C. cristatella Britton & Brown [296], C. hirsutella Mack. [216], C. 

scoparia Willd. [275], C. vulpinoidea Michx. [285]\ Cyperus acuminatus Torr. & Hook. 

[430], C. esculentus L. [312], C. echinatus (L.) A. Wood [335], C. strigosus L. [355]; 

Eleocharis verrucosa (Svens.) Harms [275]; Scirpus georgianus Harper [238] 

JUNCACEAE: Juncus acuminatus Michx. [250], J. biflorus Ell. [359], J. brachycarpus 

Engelm. [374], J. interior Wieg. [353], J. torreyi Coville [323]; Luzula multiflora (Retz.) 

Lejeune var. echinata (Small) F.J. Herm. [observed] 

LILIACEAE: Camassia scilloides (Raf.) Cory [273]; * Yucca flaccida Haw [T12377] 

POACEAE: Agrostis alba L. [326]', A. hyemails (Walt.) BSP. [259], Alopecurus carolini- 

anus Walt. [272]; *A. pratensis L. [207]; Andropogon gerardiiVitman [E473]; *Bromus 

commutatus Schrad. [266]; *Echinochloa crus-galli (L.) Beauv. [409]; Elymus canaden¬ 

sis L. [772329], E. virginicus L. [772357]; *Festuca arundinacea Schreb. [241], *77 

pratensis Hudson [253]; Muhlenbergia glabriflora Scribn. [T12378]; Panicum capillare 

L. [396], P. lanuginosum Ell. [434], P. virgatum L. [397]; Paspalum ciliatifolium Michx. 

[429], P. laeve Michx. [425]; *Phleum pratense L. [335]; *Poa compressa L. [239]; 

Schizachyrium scoparium (Michx.) Nash. [440]; *Setaria faberi Herrm. [426]; Sorghas- 

trum nutans (L.) Nash [408] 

DICOTYLEDONEAE (MAGNOLIOPSIDA) 

ACANTHACEAE: Ruellia humilis Nutt. [348] 

ANACARDIACEAE: Rhus glabra L. [353]; Toxicodendron radicans (L.) Kuntze 

[772379] 

APIACEAE: Cicuta maculata L. [observed]; Eryngium yuccifolium Michx. [365] 

APOCYNACEAE: Apocynum cannabinum L. [772326] 
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ASCLEPIADACEAE: Asclepias hirtella (Pennell) Woodson [363], A. incarnata L. 

[393], A. syriaca L. [331], A. verticillata L. [400] 

ASTERACEAE: *Achillea millefolium L. [222]; Ambrosia bidentata Michx. [418], A. 

artemisifolia L. [T12341]; Aster pilosus Willd. [observed]; Bidens aristosa (Michx.) 

Britt. [423]', Boltonia asteroides (L.) L'Her. [T12343]; Cirsium discolor (Muhl.) Spreng. 

[E475]; Conyza canadensis (L.) Cronq. [772350]; Coreopsis palmata Nutt. [301]', 

Erechtites hieracifolia (L.) Raf. ex DC. [T12337]\ Erigeron annuus (L.) Pers. [T12338], 

E. strigosus Muhl. [290]', Eupatorium perfoliatum L. [412], E. serotinum Michx. 

[T12334]\ Euthamia graminifolia (L.) Salisb. [T12366]', Gnaphalium obtusifolium L. 

[431]', Helianthus grosseserratus Martens [T12345], H. mollis Lam. [404]', Lactuca 

canadensis L. [T12348]', *L. serriola L. [T12333]', *Leucanthemum vulgare Lam. [309]', 

Liatris pycnostachya Michx. [381]; Rudbeckia hirta L. [289]; Senecio glabellus Poir. 

[209]; Silphium terebinthinaceum Jacq. [E448]; Solidago canadensis L. [E1065]; 

Solidago juncea Ait. [416], S. nemoralis Ait. [419], S. rigida L. [T12330]; *Sonchus 

asper (L.) Hill [345]; Vernonia missurica Raf. [401] 

BORAGINACEAE: Myosotis verna Nutt. [205] 

BRASSICACEAE: *Barbarea vulgaris R.Br. [204]; Cardamine parviflora L. [206] 

CAESALPINACEAE: Cassia fasciculata Michx. [387] 

CAMPANULACAEAE: Triodanis perfoliata (L.) Nieuwl. [298] 

CAPRIFOLIACEAE: *Lonicera japonica Thunb. [254]; Symphoricarpos orbiculata (L.) 

Moench [T12379] 

CARYOPHYLLACEAE: *Dianthus armeria L. [235] 

EUPHORBIACEAE: Acalypha virginica L. [369, 427]; Euphorbia corollata L. [437] 

FABACEAE: Baptisia lactea (Raf.) Thieret [366]; Desmodium paniculatum (L.) DC. 

[414]; Lespedeza capitata Michx. [E463]; *Melilotus alba Medic. [300]; Strophostyles 

leiosperma (Torr. & Gray) Piper [436]; *Trifolium hybridum L. [376], *7. pratense L. 

[311] 

HYPERICACEAE: Hypericum drummondii (Grev. & Hook.) Torr. & Gray [343], H. 

mutilum L. [292, T12324], *Hypericum perforatum L. [302], Hypericum punctatum Lam. 
[352] 

LAMIACEAE: Monarda fistulosa L. [359]; * Prunella vulgaris L. [359]; Pycnanthemum 

tenuifolium Schrad. [375]; Teucrium canadense L. [367] 

LINACEAE: Linum medium (Planch.) Britton [403, T12344] 

MIMOSACEAE: Desmanthus illinoensis (Michx.) MacM. [347] 
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MOLLUGINACEAE: *Mollugo verticillata L. [T12335] 

ONAGRACEAE: Epilobium coloratum Biehler [772336]; Gaura biennis L. [406]', 

Ludwigia alternifolia L. [368]; Oenothera biennis L. [336] 

OXALIDACEAE: Oxalis dillenii Jacq. [210], O. violacea L. [220] 

PLANTAGINACEAE: *Plantago lanceolata L. [316], P. virginica L. [261] 

POLYGALACEAE: Poly gala sanguinea L. [325], P. verticillata L. [314] 

POLYGONACEAE: Polygonum pensylvanicum L. [407], P. punctatum Ell. [T12333], P. 

tenue Michx. [772353]; *Rumex acetosella L. [7s35<3], *7?. crispus L. [247] 

PORTULACACEAE: Claytonia virginica L. [207] 

ROSACEAE: Fragaria virginiana L. [2 2 7]; Malus ioensis (Wood) Britt. [T12347]', 

Potentilla simplex Michx. [279], *P. recta L. [297]; Rosa Carolina L. [357]; Rubus flag- 

ellaris Willd. [214] 

RUBIACEAE: Galium aparine L. [277], G. obtusum Bigel. [225] 

SCROPHULARIACEAE: Agalinis purpurea (L.) Pennell [T12340]', Gratiola neglecta 

Torr. [255]; Lindernia dubia (L.) Pennell var. anagallidea (Michx.) Cooperrider 

[772325]; Mimulus ringens L. [397]; Penstemon digitalis Nutt. [229]; P. pallidus Small 

[236] 

SOLANACEAE: Solanum carolinense L. [362] 

VERBENACEAE: Verbena hastata L. [332] 

VIOLACEAE: Viola pratincola Greene [438] 
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Table 1. The year planted, size (ha), number of taxa present, Floristic Quality Index 

(FQI), and mean Coefficient of Conservatism (CC) on the four prairie restora¬ 

tion sites studied at the Prairie Ridge State Natural Area, Jasper County, Illi¬ 

nois. 

Parameters Lew's McGraw Galbreath Frohning 

Year Planted 1967 1989 1991 1997 

Size (ha) 2.0 1.6 2.4 4.0 

Total Species 80 53 92 59 

Native Species 65 44 77 53 
% Adventive Species 18.8 17.0 16.3 10.2 

Perennial Forbs 36 17 42 25 
Perennial Grasses 8 6 12 6 
FQI (native taxa) 25.4 20.6 28.6 21.4 

Mean CC (native taxa) 3.15 3.11 3.26 2.94 

FQI (all taxa) 22.9 18.8 26.1 20.3 
Mean CC (all taxa) 2.56 2.58 2.72 2.64 
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Table 2. Importance values of the species encountered in the four prairie restoration 

sites studied at the Prairie Ridge State Natural Area, Jasper County, Illinois. 

Species Lew's McGraw Galbreath Frohning 

Sorghastrum nutans 20.50 38.71 22.68 94.89 
Andropogon gerardii 11.04 48.66 31.27 80.45 
Solidago canadensis 43.20 12.74 0.82 7.83 
Solidago nemoralis 14.30 16.67 33.42 — 

Euthamia graminifolia 22.00 4.76 17.85 — 

Rubus flagellaris 23.60 3.16 5.38 — 

Vernonia missurica 15.15 0.80 7.42 — 

Carex spp. — 11.14 11.86 — 

Eleocharis verrucosa 1.59 9.58 10.18 — 

Schizachyrium scoparium — 16.49 2.38 — 

Pycnanthemum tenuifolium 17.29 — 0.42 — 

Cassia fasciculata 10.66 3.19 — — 

Panicum virgatum — 1.11 2.52 — 

Setariafaberi — — 0.43 11.03 
Cyperus strigosus — 9.46 1.67 — 

Achillea millefolium 5.30 — 4.26 -- 

Euphorbia corollata 0.53 — 7.07 — 

Hypericum perforatum — 0.80 5.90 — 

Panicum lanuginosum 0.53 — 5.90 — 

Potentilla simplex 1.59 — 4.26 -- 

Asclepias syriaca — — — 5.79 
Verbena hastata — 4.76 — — 

Malus ioensis — — 4.23 — 

Scirpus georgianus — 3.99 — — 

Desmodium paniculatum 3.80 — — — 

Acalypha virginica — 0.80 2.95 — 

Lonicera japonica 0.53 — 2.52 — 

Oxalis dillenii — — 2.98 — 

Rosa Carolina — — 2.89 — 

Lespedeza capitata 2.15 — 0.43 -- 

Cyperus echinatus — — 2.55 — 

Baptisia lactea — — 2.38 -- 

Prunella vulgaris 2.15 — — — 

Eryngium yuccifolium — 1.60 — — 

Liatris pycnostachya 1.09 — — — 

Cirsium discolor 1.09 — — — 

Ambrosia bidentata 1.06 — — — 

Viola pratincola — — 0.85 — 

Oenothera biennis — — 0.82 — 

Barbarea vulgaris — 0.80 — — 

Hypericum mutilum — 0.80 — — 

Paspalum laeve — — 0.43 — 

Rumex acetocella — — 0.43 — 

Sassafras albidum — — 0.43 — 

Linum medium — — 0.42 — 

Totals 200.00 200.00 200.00 200.00 
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Table 3. Similarity index of the four prairie restoration sites studied at the Prairie Ridge 
State Natural Area, Jasper County, Illinois. 

Lew's McGraw Galbreath 

McGraw 63.2 

Galbreath 67.4 56.6 

Frohning 45.7 47.8 48.7 
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ABSTRACT 

The vascular flora at Van Horn Woods Park was surveyed during the 1998-2000 growing 

seasons. This park is a 30 hectare site located in Plainfield Township, Will County, Illi¬ 

nois (SE1/4 S27 T36N R9E). A total of 246 taxa, representing 160 genera and 67 fami¬ 

lies, were identified within or immediately adjacent to the park. Seventy-one percent of 

these taxa were native. Four taxa were collected and submitted to the Morton Arboretum 

as new county records for Will County. The quality of this site as a natural area was also 

assessed using quantitative methods based on floral composition and diversity. The site 

was found to have a mean C value (C) of 3.44, a modal C value of 5, and a floristic 

quality index (/) rating of 45.51. These results indicate that Van Horn Woods is a site 

adequate enough in natural floristic quality to be worthy of protection and preservation. 

INTRODUCTION 

Floral inventories provide valuable information on the diversity of natural areas, the types 

of habitats within natural areas, and the quality of those habitats with respect to their 

preservation and conservation value. Unfortunately, many natural areas have yet to be 

adequately inventoried, and those that have are seldom quantitatively assessed for their 

floristic quality. Methods for conducting such quantitative assessments have been devel¬ 

oped and previously used in the Chicago area (see Swink and Wilhelm, 1994; Young, 

1994). In this study, I performed a quantitative floral-based assessment of Van Horn 

Woods Park, Will County, IL. Before this study, no record existed regarding the flora at 

this site. 

MATERIALS AND METHODS 

Study Site 

Van Horn Woods Park is located west of Interstate 55, north of Caton Farm Road and 

east of Lily Cache Road in Plainfield Township, Will County, IL (SE1/4 S27 T36N R9E) 

— not to be confused with Van Horne Woods Forest Preserve, Frankfort Township, Will 

County, IL. Lily Cache Creek, which empties into the Dupage River, flows through the 

center of this park, splitting it into east and west regions. The park has a level topogra¬ 

phy, with very minor and gradual increases in elevation occurring as distance increases 

from Lily Cache Creek. 
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The entire site is approximately 30 hectares and is owned and maintained by the Plain- 

field Township Park District. Areas within the park that are frequently visited include 

picnic sites, soccer fields, playgrounds, and a one-hectare pond. The wooded areas 

within the park (approximately 16 hectares) are only infrequently visited. Most of these 

woods are wet-mesic floodplain woods that border Lily Cache Creek. There are also 

some mesic woods that lie outside the floodplain, particularly on the east end of the park, 

as well as some mowed or partially mowed fields and semi-wooded open areas charac¬ 

teristic of transition zones between woodlands and fields. 

Some of the land immediately adjacent to the park on the east side of Lily Cache Creek 

was also included in this study. This land consists of dense mesic woods, wet-mesic 

floodplain woods, and semi-wooded open areas. Unfortunately, much of this adjacent 

habitat was recently destroyed as ground was cleared to build houses along the border of 

the park. Most of this destruction did not take place until nearly two years of successful 

fieldwork had been conducted within these areas. 

Data Collection 

I visited Van Horn Woods three to four times each month from the beginning of March to 

the end of October in 1998 and 1999. Several additional visits were also made during the 

growing season of 2000. I hiked throughout the park during each visit, locating plants, 

usually when in flower, and identifying them to the level of species or in some cases 

variety. All vascular plants exclusive of graminoids (Cyperaceae, Gramineae, and Jun- 

caceae) were identified. Plants that the Plainfield Park District had obviously planted 

within the park were ignored. 

Several books were used to identify or confirm the identification of plant species. The 

most important of these were Plants of the Chicago Region (Swink and Wilhelm, 1994), 

Michigan Flora. Parts I. II. and III (Voss, 1972, 1985, and 1996), and Guide to the Vas¬ 

cular Flora of Illinois (Mohlenbrock, 1986). For inventory purposes, all species were 

listed according to the taxonomic nomenclature used by Swink and Wilhelm (1994). 

I also collected voucher specimens for any species or hybrid located within the park that 

is not currently documented as a part of Will County flora in Plants of the Chicago 

Region (Swink and Wilhelm, 1994). These specimens were submitted to Floyd Swink at 

the Morton Arboretum in Lisle, IL. 

Data Analysis 

The reason for conducting the floral inventory at Van Horn Woods was not only to create 

a record of the plants growing within the park, but also to quantitatively evaluate the flo- 

ristic quality of the park, using methods described by Swink and Wilhelm (1994) and 

Young (1994). The reader is advised to refer to these sources to obtain information on 

the specifics of these methods, which are based on C values that are assigned to plant 

species. The C value is known as the coefficient of conservatism, and simply put, it is a 

measure of how conservative or faithful a plant species is to a natural habitat or natural 

plant community (Swink and Wilhelm, 1994). A species that grows almost exclusively 

in undisturbed environments and as a part of a natural plant community has a high value 

for C. In contrast, a species that grows in a variety of environments, and regularly within 
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areas that are badly degraded or disturbed, has a low value for C. Swink and Wilhelm 

(1994) assign C values only to native plants and only within a range from 0-10. Young 

(1994) lists values for native and non-native plants and assigns numbers that extend 

below zero to many problematic introduced weeds. 

Neither Young (1994) nor Swink and Wilhelm (1994), however, use the C values of non¬ 

native plants when calculating the floristic quality index (I) for a natural area. This index 

is a measure of the quality of a natural area based on the composition and diversity of 

native plant species. For Van Horn Woods, the floristic quality index (I) was calculated 

using the C values and methods described by Swink and Wilhelm (1994) (7 = cV/V , 

where C is the mean C value and N is total number of native species). My calculation, 

however, did not include the C values of graminoids since these plants weren’t identified. 

RESULTS 

A total of 67 families, 160 genera, and 246 recognized species, varieties or hybrids were 

located growing at or immediately adjacent to Van Horn Woods Park (see Appendix 1 for 

a list of all 246 taxa). Additional varieties could easily have been distinguished, but only 

those varieties assigned their own C value by Swink and Wilhelm (1994) were identified. 

No Illinois endangered or threatened species were located. Four families had more than 

10 taxa and these were as follows: Compositae (37), Rosaceae (26), Liliaceae (12), and 

Cruciferae (11). Twenty-three families were represented by only one species, and 19 

families by only two species. Native plants comprised 71% (n = 175) of the 246 taxa 

identified. All but 11 taxa were located within park borders. Nine of the 11 taxa found 

just outside park borders were growing in the woods to the north of the park on the east 

side of Lily Cache Creek. 

The mean C value (C) for native plants was 3.44 (n = 175) and the mode was 5. All but 

25 native plants had C values at or below the mode (see Figure 1). Only two plants, 

Pontederia cordata L. and Silene virginica L., had a C value of 10, and only the former 

was found growing inside park boundaries. The floristic quality index (/) was calculated 

to be 45.51 (n = 175). A value of 45 is equal to or greater than that of 50% of the natural 

areas assessed by Young (1994) in Kane County Wild Plants & Natural Areas (n = 46 

areas assessed). If native species growing only outside the borders of the park are 

excluded, then (C) drops slightly to 3.33 and I falls to 42.77 (n = 165). 

Voucher specimens 

Four taxa (one native and three non-native) that are not listed for Will County in Plants of 

the Chicago Region (Swink and Wilhelm, 1994) were collected from Van Horn Woods. 

All specimens were donated to Floyd Swink at the Morton Arboretum, Lisle, IL. The 

four taxa and their dates of collection are follows: Crataegus chrysocarpa Ashe 

(5/14/00), Duchesnea indica (Andrews) Focke (5/4/00), Lonicera morrowii A. Gray 

(5/4/00), and Salix x rubens Schrank (September 1998). It is worth noting that only one 

C. chrysopcarpa and one L. morrowii were found within the park. 
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Figure 1. Frequency distribution of C values for native plants found at or immediately 

adjacent to Van Horn Woods. 
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DISCUSSION 

The floristic quality index (/) rating of 45.51 clearly illustrates that Van Horn Woods and 

its immediate surroundings represent a natural area of significant quality that merits pres¬ 

ervation. Swink and Wilhelm (1994, p. 14) had the following to say about natural areas in 

the Chicago region with respect to their C values and I values: 

Generally, if the C value for the site is 3.5 or higher or has an I value 

of 35 or more, one can be fairly confident that the site has sufficient 

floristic quality to be at least of marginal natural area quality. If the C 

value is 4.5 or higher, or has an I value of 45 or more, then it is almost 

certain that the remnant has natural area potential. 

We have not arrived at these threshold values arbitrarily. The best 

efforts of de novo ecosystem restoration attempts rarely achieve C val¬ 

ues higher than 3.5 or I values higher than 35. It then follows that 

when an area with higher values or indices is destroyed it cannot be 

replaced by an area of equal value and, therefore, is basically an 
unmitigable event. 
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Few words could better underscore the importance of this study and others like it, nor can 

words better emphasize the importance of protecting Van Horn Woods and its surround¬ 

ings as a valuable natural area. Unfortunately, much of the adjacent habitat that served as 

a buffer zone to this park was recently destroyed. The wooded area along the northeast 

border, containing 9 of 11 species found only outside the park, is now only partially 

intact. It remains to be seen what effect this loss of adjacent natural habitat will have on 

the floral diversity within the park. The overall decline in total wooded area and the 

creation of new woodland edges are likely to generate a change in species composition 

and a decline in the frequency and diversity of native species (Saunders et al., 1991; 

Brothers and Spingarn, 1992; Collinge, 1996). 

Invasive species pose an additional threat to the diversity of native flora within the park. 

A few examples of non-native plants at Van Horn Woods that have notorious reputations 

as invasive weeds are Lonicera maackii (Luken and Thieret, 1996; Hutchinson and 

Vankat, 1997), Rhamnus cathartica (Leitner, 1985; Archibold et al., 1997), and Alliaria 

petiolata (Nuzzo, 1993; Anderson et al., 1996). Of these, Alliaria petiolata (garlic mus¬ 

tard) is currently the most problematic weed at Van Horn Woods. It is spreading rapidly 

and has the potential to eliminate many of the native plant species. Efforts should be 

taken to decrease the prevalence of this weed within the park before too much native flo¬ 

ral diversity is lost. 
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Appendix 1. Checklist of the vascular flora of Van Horn Woods and its immediate sur¬ 

roundings (exclusive of graminoids). Plants are identified according to the 

taxomonic nomenclature used by Swink and Wilhelm (1994). Numbers in 

parentheses represent the C values assigned to native taxa by Swink and 

Wilhelm. Non-native taxa have no C values and are marked with an aster¬ 
isk. 

Aceraceae (Maple Family) 

Acer negundo L. [Box Elder] (0) 
Acer nigrum Michx. f. [Black Maple] (5) 

Acer saccharinum L. [Silver Maple] (0) 

Acer saccharum Marshall [Sugar Maple] (3) 

Alismaceae (Water Plantain Family) 

Sagittaria latifolia Willd. [Common Arrowhead] 

(4) 

Anacardiaceae (Cashew Family) 

Rhus glabra L. [Smooth Sumac] (1) 

Rhus radicans L. [Poison Ivy] (2) 

Apocvnaceae (Dogbane Family) 

Apocynum androsaemifolium L. [Spreading 

Dogbane] (5) 
Apocynum sibiricum Jacq. [Prairie Indian 

Hemp] (2) 

Araceae (Arum Family) 

Arisaema triphyllum (L.) Schott [Jack-in-the- 

pulpit] (4) 

Aristolochiaceae (Birthwort Family) 

Asarum canadense L. [Wild Ginger] (7) 

Asclepiadaceae (Milkweed Family) 

Asclepias incarnata L. [Swamp Milkweed] (4) 
Asclepias syriaca L. [Common Milkweed] (0) 

Asclepias verticillata L. [Whorled Milkweed] (1) 

Balsaminaceae (Touch-me-not Family) 

Impatiens capensis Meerb. [Orange Jewelweed] 

(3) 

Berberidaceae (Barberry Family) 

*Berberis thunbergii DC. [Japanese Barberry] 
Podophyllum peltatum L. [May Apple] (4) 

Betulaceae (Birch Family) 

Corylus americana Walter [American Hazelnut] 

(5) a 
Ostrya virginiana (Mill.) K. Koch [Hop Horn¬ 

beam] (5) 

Boraginaceae (Borage Family) 

Hackelia virginiana (L.) I. M. Johnst. [Stickseed] 

(0) 

Mertensia virginica (L.) Pers. [Virginia Blue¬ 

bells] (5) 

Campanulaceae (Bluebell Family) 

Campanula americana L. [Tall Bellflower] (3) 

Caprifoliaceae (Honeysuckle Family) 

*Lonicera x bella Zabel [Showy Fly Honey¬ 
suckle] 

*Lonicera maackii (Rupr.) Maxim. [Amur Hon¬ 

eysuckle] 
*Lonicera morrowii A. Gray [Morrow's Honey¬ 

suckle] 

Sambucus canadensis L. [Elderberry] (1) 
Viburnum lentago L. [Nannyberry] (5) 

*Viburnum opulus L. [European Highbush 

Cranberry] 

Carvophvllaceae (Pink Family) 

*Cerastium vulgatum L. [Mouse-ear Chickweed] 
* Lychnis alba Mill. [White Campion] 

Silene virginica L. [Fire Pink] (10)a 
*Stellaria media (L.) Vill. [Common Chick- 

weed] 

Celastraceae (Staff Tree Family) 

Euonymus atropurpureus Jacq. [Burning Bush] 

(8) 

Chenopodiaceae (Goosefoot Family) 

*Chenopodium album L. [Lamb's Quarters] 

Chenopodium hybridum L. var. gigantospermum 

(Aellen) Rouleau [Maple-leaved Goosefoot] 

(3) 
Chenopodium standleyanum Aellen [Woodland 

Goosefoot] (4) 

Compositae (Aster Family) 

* Achillea millefolium L. [Yarrow] 
Actinomeris alternifolia (L.) DC. [Wingstem] (5) 
Ambrosia artemisiifolia L. var. elatior (L.) 

Descourt. [Common Ragweed] (0) 

Ambrosia trifida L. [Giant Ragweed] (0) 
*Arctium lappa L. [Great Burdock] 
*Arctium minus Schkuhr [Common Burdock] 
Aster lateriflorus (L.) Britton [Side-flowering 

Aster] (4) 
Aster ontarionis Wiegand [Ontario Aster] (4) 

Asterpilosus Willd. [Hairy Aster] (0) 
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Aster sagittifolius Willd. var. drummondii (Lindl.) 

Shinners [Drummond's Aster] (2) 

Bidetis cernua L. [Nodding Bur Marigold] (5)a 

Bidens frondosa L. [Common Beggar's Ticks] 

(1) 
*Cichorium intybus L. [Chicory] 

*Cirsium arvense (L.) Scop. [Canada Thistle] 

Cirsium discolor (Muhl.) Spreng. [Pasture This¬ 

tle] (2) 

*Cirsium vulgare (Savi) Ten. [Bull Thistle] 

Erigeron annuus (L.) Pers. [Annual Fleabane] 

(0) 
Erigeron canadensis L. [Horseweed] (0)a 

Erigeron philadelphicus L. [Marsh Fleabane] (4) 

Eupatorium rugosum Houtt. [White Snakeroot] 

(4) 

Eupatorium serotinum Michx. [Late Boneset] (0) 

*Galinsoga ciliata (Raf.) S. F. Blake [Peruvian 

Daisy] 

Helianthus strumosus L. [Pale-leaved Sunflower] 

(5) 

*Lactuca serriola L. [Prickly Lettuce] 

*Matricaria matricarioides (Less.) Porter [Pine¬ 

apple Weed] 

Rudbeckia hirta L. [Black-eyed Susan] (1) 

Rudbeckia laciniata L. [Wild Golden Glow] (5) 

*Senecio vulgaris L. [Common Groundsel] 

Solidago altissima L. [Tall Goldenrod] (1) 

Solidago canadensis L. [Canada Goldenrod] (1) 

*Sonchus asper (L.) Hill [Spiny Sow Thistle] 

*Sonchus uliginosis M. Bieb. [Common Sow 

Thistle] 

*Taraxacum officinale Weber [Common Dande¬ 

lion] 

*Tragopogon dubius Scop. [Sand Goat’s Beard] 

*Tragopogon pratensis L. [Common Goat’s 

Beard] 

Vernonia fasciculata Michx. [Common Iron- 

weed] (5) 

*Xanthium strumarium L. [Cocklebur] 

Convolvulaceae (Morning Glory Family) 

*Convolvulus arvensis L. [Field Bindweed] 

Convolvulus sepium L. [Hedge Bindweed] (1) 

Cornaceae (Dogwood Family) 

Cornus obliqua Raf. [Blue-fruited Dogwood] (6) 

Cornus racemosa Lam. [Gray Dogwood] (1) 

Cruciferae (Mustard Family) 

*Alliaria petiolata (M. Bieb.) Cavara & Grande 

[Garlic Mustard] 

Arabis laevigata (Willd.) Poir. [Smooth Bank 

Cress] (5) 

Arabis perstellata E. L. Braun var. shortii Fern. 

[Toothed Cress] (6) 

*Barbarea vulgaris R. Br. [Winter Cress] 

*Capsella bursa-pastoris (L.) Medik. [Shep¬ 

herd's Purse] 

Dentaria laciniata Willd. [Cutleaf Toothwort] 

(5) 

*Hesperis matronalis L. [Dame's Rocket] 

Iodanthus pinnatifidus (Michx.) Steud. [Violet 

Cress] (8) 

*Lepidium campestre (L.) R. Br. [Field Cress] 

Lepidium virginicum L. [Common Peppergrass] 

(0) 
Rorippa palustris (L.) Besser var. fernaldiana 

(Butters & Abbe) Stuckey [Marsh Cress] (4) 

Cucurbitaceae (Gourd Family) 

Echinocystis lobata (Michx.) T. & G. [Wild 

Cucumber] (5) 

Dioscoreaceae (Yam Family) 

Dioscorea villosa L. [Wild Yam] (7) 

Elaeagnaceae (Oleaster Family) 

*Elaeagnus angustifolia L. [Russian Olive] 

*Elaeagnus umbellata Thunb. [Autumn Olive] 

Euphorbiaceae (Spurge Family) 

Acalypha rhomboidea Raf. [Three-seeded Mer¬ 

cury] (0) 

Euphorbia corollata L. [Flowering Spurge] (2) 

Euphorbia maculata L. [Eyebane] (0) 

Euphorbia supina Raf. [Spotted Creeping 

Spurge] (0) 

Fagaceae (Beech Family) 

Quercus alba L. [White Oak] (5) 

Quercus x hawkinsiae Sudw. [Hybrid Oak] (4)b 

Quercus macrocarpa Michx. [Bur Oak] (5) 

Quercus rubra L. [Red Oak] (7) 

Quercus velutina Lam. [Black Oak] (6) 

Geraniaceae (Geranium Family) 

Geranium maculatum L. [Wild Geranium] (4) 

Hvdrophvllaceae (Waterleaf Family) 

Ellisia nyctelea L. [Aunt Lucy] (2) 

Hydrophyllum virginianum L. [Virginia Water- 

leaf] (5) 

Hvpericaceae (St. John's Wort Family) 

Hypericum punctatum Lam. [Spotted St. John's 

Wort] (4)a 

Juglandaceae (Walnut Family) 

Carya cordiformis (Wangenh.) K. Koch [Bitter- 

nut Hickory] (7) 

Carya ovata (Mill.) K. Koch [Shagbark Hick¬ 

ory] (5) 

Juglans nigra L. [Black Walnut] (5) 
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Labiatae (Mint Family) 
Agastache nepetoides (L.) Kuntze [Yellow Giant 

Hyssop] (5) 

*Glechoma hederacea L. [Ground Ivy] 

*Leonurus cardiaca L. [Motherwort] 

*Nepeta cataria L. [Catnip] 

*Prunella vulgaris L. [Lawn Prunella] 

Prunella vulgaris L. var. lanceolata (Barton) 

Fern. [Self Heal] (0) 

Teucrium canadense L. [Germander] (3) 

Leguminosae (Pea Family) 

Gleditsia triacanthos L. [Honey Locust] (2) 

*Medicago lupulina L. [Black Medick] 

*Melilotus alba Medik. [White Sweet Clover] 

*Melilotus officinalis (L.) Pall. [Yellow Sweet 

Clover] 

*Trifolium pratense L. [Red Clover] 

*Trifolium repens L. [White Clover] 

Liliaceae (Lilv Family) 

Allium canadense L. [Wild Onion] (2) 

Allium tricoccum Aiton var. burdickii Hanes 

[Wild Leek] (6) 

*Asparagus officinalis L. [Asparagus] 

Erythronium albidum Nutt. [White Trout Lily] 

(5) 

Polygonatum canaliculatum (Muhl.) Pursh 

[Smooth Solomon’s Seal] (3) 

Smilacina racemosa (L.) Desf. [Feathery False 

Solomon’s Seal] (3) 

Smilacina stellata (L.) Desf. [Starry False Solo¬ 

mon’s Seal] (5) 

Smilax ecirrhata (Engelm.) S. Watson [Upright 

Carrion Flower] (5) 

Smilax illinoensis Mangaly [Illinois Carrion 

Flower] (5) 

Smilax lasioneura Hook. [Common Carrion 

Flower] (5) 

Smilax tamnoides L. var. hispida (Torr.) Fern. 

[Bristly Greenbrier] (5) 

Trillium recurvatum L. C. Beck [Red Trillium] 

(5) 

Limnanthaceae (False Mermaid Family) 

Floerkea proserpinacoides Willd. [False Mer¬ 

maid] (8) 

Malvaceae (Mallow Family) 

*Abutilon theophrasti Medik. [Velvetleaf]a 

*Hibiscus trionum L. [Flower-of-an-hour] 

Menispermaceae (Moonseed Family) 

Menispermum canadense L. [Moonseed] (6) 

Moraceae (Mulberry Family) 

*Maclura pomifera (Raf.) C. K. Schneid. [Osage 

Orange] 

*Morus alba L. [White Mulberry] 

Nyclaginaceae (Four Q.QgckFamily) 
*Mirabilis nyctaginea (Michx.) MacMill. [Wild 

Four O’Clock] 

Nymphaeaceae (Water Lily Family) 

Nuphar advena (Aiton) W. T. Aiton [Yellow 

Pond Lily] (7) 

Qleaceae (OliysJFamily) 
Fraxinus americana L. [White Ash] (5) 

Fraxinus pennsylvanica Marshall [Red Ash] (5) 

Fraxinus pennsylvanica Marshall var. subinteger- 

rima (Vahl) Fern. [Green Ash] (1) 

*Ligustrum vulgare L. [Common Privet] 

Onagraceae (Evening Primrose Family) 

Circaea lutetiana L. var. canadensis L . 

[Enchanter's Nightshade] (1) 

Gaura biennis L. var. pitcheri Pickering [Com¬ 

mon Gaura] (2) 

Oenothera biennis L. [Common Evening Prim¬ 

rose] (0) 

Oxalidaceae (Wood Sorrel Family) 

Oxalis europaea Jord. [Tall Wood Sorrel] (0) 

Oxalis stricta L. [Common Wood Sorrel] (0) 

Papaveraceae (Poppy Family) 
Sanguinaria canadensis L. [Bloodroot] (6)a 

Pinaceae (Pine Family) 

Juniperis virginiana L. var. crebra Fern. & Gris- 

com [Red Cedar] (2) 

Plantaginaceae (Plaintain Family) 

*Plantago lanceolata L. [English Plantain] 

*Plantago major L. [Common Plantain] 

Plantago rugelii Decne. [Red-stalked Plantain] 

(0) 

Polemoniaceae (Phlox Family) 

Phlox divaricata L. [Blue Phlox] (5) 

Polemonium replans L. [Jacob’s Ladder] (5) 

Polvgonaceae (Buckwheat Family) 

*Polygonum arenastrum Boreau [Sidewalk 

Knotweed] 

Polygonum pensylvanicum L. [Pinkweed] (0) 

Polygonum punctatum Elliott [Smartweed] (6) 

Polygonum scandens L. [Climbing False Buck¬ 

wheat] (1) 
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Polygonum virginianum L. [Woodland Knot- 

weed] (2) 

Rumex altissimus A. W. Wood [Pale Dock] (2) 

*Rumex crispus L. [Curly Dock] 

Pontederiaceae (Pickerel Weed Family} 

Pontederia cordata L. [Pickerel Weed] (10) 

Portulacaceae (Purslane Family) 

Claytonia virginica L. [Spring Beauty] (2) 

*Portulaca oleracea L. [Purslane] 

Primulaceae (Primrose Family} 

*Lysimachia nummularia L. [Moneywort] 

Ranunculaceae (Crowfoot Family} 

Anemone quinquefolia L. [Wood Anemone] (7)a 

Ranunculus abortivus L. [Small-flowered But¬ 

tercup] (0) 

Ranunculus septentrionalis Poir. [Swamp But¬ 

tercup] (5) 

Thalictrum revolutum DC. [Waxy Meadow Rue] 

(6) 

Rhamnaceae (Buckthorn Family) 

*Rhamnus cathartica L. [Common Buckthorn] 

Rosaceae (Rose Family) 

Agrimonia gryposepala Wallr. [Tall Agrimony] 

(2) 
Agrimonia pubescens Wallr. [Soft Agrimony] (5) 

Crataegus chrysocarpa Ashe [Fireberry Haw¬ 

thorn] (6) 

Crataegus coccinea L. [Scarlet Hawthorn] (4) 

Crataegus crus-galli L. [Cockspur Hawthorn] 

(2) 
Crataegus mollis (T. & G.) Scheele [Downy 

Hawthorn] (2) 

Crataegus punctata Jacq. [Dotted Hawthorn] (2) 

*Duchesnea indica (Andrews) Focke [Indian 

Strawberry] 

Fragaria virginiana Duchesne [Wild Straw¬ 

berry] (1) 

Geum canadense Jacq. [White Avens] (1) 

Geum laciniatum Murray var. trichocarpum Fern. 

[Rough Avens] (2) 

Geum vernum (Raf.) T. & G. [Spring Avens] (5) 

Malus ioensis (A. W. Wood) Britton [Iowa Crab] 

(3) 
*Malus pumila Mill. [Apple]c 

Potentilla norvegica L. [Rough Cinquefoil] (0) 

*Potentilla recta L. [Sulfur Cinquefoil] 

Potentilla simplex Michx. [Common Cinquefoil] 

(4) 

Primus americana Marshall [Wild Plum] (5) 

Primus serotina Ehrh. [Wild Black Cherry] (1) 

Prunus virginiana L. [Choke Cherry] (3) 

*Pyrus communis L. [Pear]c 

Rosa Carolina L. [Pasture Rose] (5) 

*Rosa multiflora Thunb. [Multiflora Rose] 

Rubus allegheniensis Porter [Common Black¬ 

berry] (3) 

Rubus occidentalis L. [Black Raspberry] (2) 

Rubus pensilvanicus Poir. [Yankee Blackberry] 

(3) 

Rubiaceae (Madder Family) 

Galium aparine L. [Cleavers] (1) 

Galium concinnum T. & G. [Shining Bedstraw] 

(5)a 

Rutaceae (Rue Family) 

Ptelea trifoliata L. [Wafer Ash] (7) 

Xanthoxylum americanum Mill. [Prickly Ash] (3) 

Salicaceae (Willow Family) 

Populus deltoides Marshall [Eastern Cotton¬ 

wood] (2) 

Salix amygdaloides Andersson [Peach-leaved 

Willow] (5) 

Salix eriocephala Michx. [Heart-leaved Willow] 

(5) 

Salix interior Rowlee [Sandbar Willow] (1) 

Salix nigra Marshall [Black Willow] (4) 

*Salix x rubens Schrank [Hybrid Crack Willow] 

Saxifragaceae (Saxifrage Family) 

Ribes americanum Mill. [Wild Black Currant] 

(7) 

Ribes missouriense Nutt. [Wild Gooseberry] (5) 

ScrQphtilariaC£as.(EigM?rt Family) 
Penstemon digitalis Nutt. [Foxglove Beard 

Tongue] (4)a 

Scrophularia marilandica L. [Late Figwort] (4) 

*Verbascum blattaria L. [Moth Mullein] 

*Verbascum thapsus L. [Common Mullein] 

*Veronica arvensis L. [Corn Speedwell] 

Solanaceae (Nightshade Family) 

Physalis subglabrata Mack. & Bush [Tall 

Ground Cherry] (0) 

Solanum americanum Mill. [Black Nightshade] 

(0) 
*Solanum carolinense L. [Horse Nettle] 

*Solanum dulcamara L. [Bittersweet Night¬ 

shade] 

Staphvleaceae (Bladdernut Family) 

Staphylea trifolia L. [Bladdernut] (7)a 

Tiliaceae (Linden Family) 

Tilia americana L. [Basswood] (5) 
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Tvphaceae (Cattail Family) 

Typha angustifolia L. [Narrow-leaved Cattail] 

(Dd 

Ulmaceae (Elm Family) 

Celtis occidentalis L. [Hackberry] (3) 

Ulmus americana L. [American Elm] (3) 

*Ulmus x notha G. Wilh. & G. Ware, ined. 

[Hybrid Elm] 

*Ulmus pumila L. [Siberian Elm] 

Ulmus rubra Muhl. [Slippery Elm] (4) 

Umbelliferae (Parsley Family) 

Angelica atropurpurea L. [Great Angelica] (7) 

Chaerophyllum procumbens (L.) Crantz 

[Streambank Chervil] (5) 

Cryptotaenia canadensis (L.) DC. [Honewort] (2) 

*Daucus carota L. [Queen Anne's Lace] 

Heracleum maximum W. Bartram [Cow Parsnip] 

(5) 

Osmorhiza longistylis (Torr.) DC. [Smooth Sweet 

Cicely] (3) 

*Pastinaca sativa L. [Wild Parsnip] 

Sanicula gregaria E. P. Bicknell [Clustered 

Black Snakeroot] (2) 

Zizia aurea (L.) W. D. J. Koch [Golden Alex¬ 

anders] (7) 

Urticaceae (Nettle Family) 

Boehmeria cylindrica (L.) Sw. [False Nettle] (2) 

Laportea canadensis (L.) Wedd. [Wood Nettle] 

(3) 

Pilea pumila (L.) A. Gray [Clearweed] (5) 

Urtica procera Willd. [Tall Nettle] (2) 

Verbenaceae (Vervain Family) 

Verbena urticifolia L. [Hairy White Vervain] (5) 

Violaceae (Violet Family) 

Viola pubescens Aiton [Yellow Violet] (5) 

Viola sororia Willd. [Common Blue Violet] (3) 

Yitaceae (Grape Family) 
Parthenocissus quinquefolia (L.) Planch. [Vir¬ 

ginia Creeper] (2) 

Vitis riparia Michx. [Riverbank Grape] (2) 

a Located in areas immediately adjacent to Van Horn Woods, but not found within the 

park. 

b Identification tentative, pending the examination of acorns. One tree of this type was 

located within the park. It has leaves that are slightly smaller, darker and more deeply 

lobed than those of typical Q. rubra, and also has buds that are somewhat angled, gla¬ 

brous at the base, and pubescent at the tip. This hybrid is not presently documented as a 

part of Will County flora in Plants of the Chicago Region (Swink and Wilhelm, 1994), 

although the authors do comment that it is “rather frequent.” 

c May have been planted. 

d Although the flowers are those of T. angustifolia, these plants do show characteristics 

which suggest possible hybridization with the common cattail, T. latifolia L. More spe¬ 

cifically, many have leaves and/or pistillate spikes that exceed the maximum sizes given 

for T. angustifolia in the Chicago region by Swink and Wilhelm (1994). Hybrids are 

known as T. x glauca Godr. and are not currently documented in Will County by Swink 

and Wilhelm (1994). 
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ABSTRACT 

Declines in forested bottomlands cause concern about the status of swamp rabbits 

(Sylvilagus aquaticus) in Illinois. We identified potential swamp rabbit habitat using the 

Illinois Land Cover database, applying size and distance criteria to areas classified as 

forested wetland, swamp, or shallow water wetland. Potential habitat was searched 1995- 

1997 for fecal pellets on raised objects indicating swamp rabbit presence, and the result¬ 

ing distribution compared to that found in a 1985 survey. We found swamp rabbits occu¬ 

pied 33 of 69 sites searched in 14 of 20 counties. While there were changes in occupancy 

status of individual sites between the 1985 and our survey, the overall distribution 

appears to have been stable over the intervening years. We believe the swamp rabbit in 

Illinois exists as a mainland-island metapopulation and remains vulnerable to habitat loss 

and stochastic events that can cause local extirpation. We recommend a proactive man¬ 

agement strategy focusing on existing habitat that identifies and manages resource rich 

habitat patches (sources) and establishes connectivity with smaller patches and lower 

quality habitat that now serve as “islands” or are unoccupied. A public-private partner¬ 

ship should be included because there are important sites in private ownership. 

INTRODUCTION 

The swamp rabbit (Sylvilagus aquaticus) has a distribution in the United States that 

extends from the Gulf Coast west to include eastern Oklahoma and Texas; east through 

Alabama, northern Georgia, and a small portion of western South Carolina, and north¬ 

ward to include southern Illinois, southwestern Indiana, and western Kentucky and Ten¬ 

nessee (Whitaker and Hamilton 1998). In Illinois, the swamp rabbit’s range likely has 

never extended beyond approximately 38° north latitude. 

The swamp rabbit’s distribution coincides with that of forested floodplains, bottomlands, 

and swamps associated with large bodies of water. This close association of the swamp 

rabbit with forested wetland habitats is a hallmark of the species and a major considera¬ 

tion in assessing the species status and risk of extirpation. Its range has diminished 

southward in association with loss of the forested bottomlands that define its habitat 

needs (Chapman et al. 1982). 
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The swamp rabbit is a species of concern to wildlife biologists because of habitat loss 

throughout much of its range, especially along the northern periphery. Kjolhaug et al. 

(1987) concluded the swamp rabbit was less common and had a more restricted distribu¬ 

tion in Illinois than historical records indicated. Similar habitat losses and subsequent 

swamp rabbit declines and restricted distributions were reported in Indiana (Mumford 

and Whitaker 1982), Kentucky (Nelson 1974), and Missouri (Korte and Fredrickson 

1977, Dailey et al. 1993). 

We reviewed the findings of Kjolhaug et al. (1987) and searched additional sites to 

document changes in status of the swamp rabbit in Illinois between searches conducted in 

1984-1985 and 1995-1997. Further, we defined potential habitats in Illinois more accu¬ 

rately than was accomplished in the prior study because of changes in the research tools 

available. Our purpose was to provide current information to guide management aimed 

at maintaining the swamp rabbit as a secure component of Illinois’ fauna. 

METHODS 

Potential Habitat Definition 

Potential swamp rabbit habitat was identified in 23 southern Illinois counties using the 

Illinois Land Cover (ILC) database (Illinois Department of Natural Resources 1996). 

The ILC database contained a raster image of land cover/land use for the entire state that 

was projected to Universal Transverse Mercator (UTM) and clipped for the 23 southern 

counties. All pixels classified as forested wetland, swamp, or shallow water wetland 

were identified, and the resulting image was converted to a shapefile for further analysis 

using ArcView software (Environmental Systems Research Institute, Redlands, CA). 

The initial image of potential habitat contained many patches that acted as 1 functional 

site, but were represented in the image by multiple polygons that either shared adjacent 

borders or were close enough to be a simple functional site. We merged polygons that 

were adjacent to or within 150 m of each other to form 1 polygon. We assumed that 

small isolated sites were biologically insignificant and eliminated all sites <5 ha and 

those sites <50 ha that were >5 km from sites >100 ha. A more conservative estimate of 

potential habitat was obtained by identifying small (<50 ha) patches within 2 km of large 

patches and eliminating the remaining small sites. 

We ground-truthed the resulting image to identify misclassified areas. Corrections also 

were made to the shapes of the remaining areas based on observations while ground- 

truthing the image and interpretation of current aerial photography. The selection criteria 

were then reapplied to produce the final image of potential habitat. 

Search Criteria and Techniques 

The number of sites to search was reduced by consolidating adjacent sites and eliminat¬ 

ing isolated sites. Geographically isolated 5-25 ha areas were excluded from the search. 

Using these criteria, we identified 77 sites totaling 45,934 ha to be searched from the 

areas defined as potential swamp rabbit habitat. 
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Search procedures were established such that sites were searched during the same time of 

year with similar methods as Kjolhaug et al. (1987). Staff and personnel from the Coop¬ 

erative Wildlife Research Laboratory conducted searches during December 1995-April 

1996, January-March 1997, and November-December 1997. Because of time limitations, 

areas >25 ha were prioritized for search effort. Areas <25 ha were searched as time per¬ 

mitted, but with greater frequency when located near larger tracts of suitable habitat. 

Because size and shape of most areas were highly variable, search patterns were modified 

to suit each individual site, and in most cases search patterns were non-random. When 

potential swamp rabbit habitat meandered with a creek, stream, or river, the search was 

conducted by following the corridor on both sides of the water system (e.g., down one 

side and back the other side). Searches of large tracts of potential habitat focused on 

areas with the best microhabitat (e.g., brushy tangles, open canopy/thick underbrush bor¬ 

ders). If the tract of habitat was small, we tried to thoroughly search the entire area for 

presence of swamp rabbit sign. 

Presence and relative swamp rabbit abundance were determined by observations of fecal 

pellets on raised objects (usually logs, stumps, or moss mounds) (Terrel 1972, Korte 

1975, Kjolhaug 1986, Whitaker and Abrell 1986, Zollner et al. 1996). Similar to Kjol¬ 

haug (1986), relative swamp rabbit abundance was subjectively classified as high, mod¬ 

erate, low, or absent based on localized abundance of sign. When re-examining Kjol¬ 

haug’s data, we could not precisely identify the areas he searched, and his abundance 

classification was entirely subjective. We classified relative abundance according to the 

following number of pellet logs found within a localized area of the habitat patch: > 20 

pellet logs = high, 10-19 pellet logs = moderate, 1-9 pellet logs = low, and 0 pellet logs = 

absent. When swamp rabbit sign was found on any portion of the site, the entire site was 

classified as inhabited and assigned the highest occupancy status found on the site. 

Areas searched were delineated on United States Geological Survey 1:24,000 scale 7.5 

minute topographic maps and identified by specific county, topographic map name and 

sections, and legal description. Topographic maps were then used to delineate searched 

areas on 1993 black and white aerial photographs (scale 1:40,000, Markhurd Corporation, 

Minneapolis, MN) to further characterize sites. The aerial photographs were scanned 

using TNTMips (Map and Image Processing System, Lincoln, NE) and georeferenced to 

UTM North American Datum 1927. Images were imported into ArcView to digitally 

map the site boundary and for further processing. ArcView was used to calculate the 

area of the site, and information from the search of the site was entered into the site data¬ 

base table. County plat books were used to determine ownership of areas searched. 

RESULTS 

Potential Habitat 
The initial image created after merging polygons <150 m from nearby habitat was com¬ 

posed of 5,263 polygons; however, 96% were <50 ha. Elimination of small and isolated 

(>5 km) pixels and ground truthing produced an estimate of 141 sites with 57,259 ha of 

potential habitat in 20 southern Illinois counties. Three counties (Edwards, Hardin, 

White) contained no potential habitat. When small sites >2 km distant from other habitat 

blocks were eliminated, only 111 sites totaling 55,591 ha of potential habitat remained. 

Size of the habitat blocks ranged from 25 to 4,415 ha. Sites were described in more 
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detail by Woolf (1998) and Woolf and Roseberry (1999), and the data was archived on 

CD-ROM for distribution by the Cooperative Wildlife Research Laboratory, Southern 

Illinois University at Carbondale. 

Distribution and Relative Abundance 

Kjolhaug et al. (1987) reported that swamp rabbits were restricted to the southernmost 

portions of the state with populations occurring in 22 sites in 8 counties (Alexander, 

Franklin, Jackson, Johnson, Massac, Pope, Pulaski, and Union) along the Bay Creek, Big 

Muddy, Cache, Mississippi, and Ohio River drainages (Fig.l). In contrast, we found rab¬ 

bits occupying 33 of 69 sites in 14 of 20 counties searched. We could not search 8 

potential sites because land owners denied access to their property. Swamp rabbits were 

associated with Bay Creek, Big Muddy, Cache, Kaskaskia, Mississippi, Ohio, and Saline 

River drainages (Fig. 1). However, presence was not certain, or had a very tenuous clas¬ 

sification in 3 counties. Gallatin County was classified as occupied on the basis of a sin¬ 

gle site where large pellets were found on the ground, but not on an elevated object. In 

Williamson County, only 1 pellet on 1 log led to classification as occupied, and Jackson 

County was classified occupied based on only 1 pellet on 1 log in each of 2 sites. 

Within the study area, we did not detect evidence of swamp rabbits in suitable patches 

located in Hamilton, Jefferson, Lawrence, Perry, Wayne, and Wabash counties (Fig.l). 

All sites along the Wabash and Little Wabash rivers were unoccupied, with the possible 

exception of the 1 site along the Wabash River on which the occupancy status was 

uncertain. All sites along the Ohio River were either unoccupied or occupied at low 

abundances except for 1 site in Pulaski County near the confluence of the Ohio and Mis¬ 

sissippi rivers, which had a high relative abundance. 

The majority of occupied sites (60.6%) had low relative rabbit abundances (Table 1). 

Only 13 sites were classified as having either a high (10) or moderate (3) relative abun¬ 

dance. With the exception of 1 site along Ewing Creek in Franklin County classified as a 

moderate abundance, all sites on which populations were regarded to have a high or 

moderate abundance were restricted to 5 of the southernmost counties (Alexander, John¬ 

son, Massac, Pope, and Pulaski) along Bay Creek and the Cache, Mississippi, and Ohio 

rivers. 

Trend 

We searched 45 sites previously searched by Kjolhaug (1986). While there were changes 

in the occupancy of individual sites, the overall distribution appears to have been stable 

over the intervening 10 years. Seventeen sites searched were unoccupied and 19 sites 

were occupied by swamp rabbits in both studies. Thus, there was no change in 80% of 

common sites searched. We did not find evidence of rabbits on 2 sites where Kjolhaug 

(1986) found swamp rabbits; 1 site in Massac County and 1 in Union County. Con¬ 

versely, we found swamp rabbits on 6 sites in Alexander, Massac, Pulaski, Saline, Union, 

and Williamson counties that Kjolhaug (1986) reported as unoccupied. 

DISCUSSION 

Swamp rabbits and their habitat exhibit a patchy distribution in southern Illinois clustered 

along the Cache, Mississippi, and Ohio rivers and along a few of the interior rivers (Big 
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Muddy, Kaskaskia, Saline) and their tributaries. Our searches found that Alexander, 

Johnson, Massac, Pope, and Pulaski counties supported several secure, site-specific 

swamp rabbit populations. Sign in Franklin, Gallatin, Jackson, Monroe, Randolph, 

Saline, St. Clair, Union, and Williamson counties suggested low abundance and limited 

distributions. 

An earlier study (Kjolhaug 1986) reported a minimum area of 12,485 ha was occupied by 

swamp rabbits. We found swamp rabbits occupying about 27,545 ha, but the difference 

is a reflection of larger searched areas in our study. Further, estimates of area occupied 

should not be taken literally because of the methods used to define occupancy. Our esti¬ 

mate of hectares of habitat occupied is an overestimate because if sign was detected on a 

site, the entire site was classified as occupied. Flowever, habitat on these sites was het¬ 

erogenous and portions of many occupied sites were unsuitable habitat. Nevertheless, the 

33 sites where we found swamp rabbits did represent nearly twice as much area (27,545 

ha) of potential habitat as did the 36 unoccupied sites (14,096 ha). 

The differences in site occupancy between the searches reported by Kjolhaug (1986) and 

found in this study provide clues to the influences of habitat structure and changes. Two 

areas occupied in the past study and unoccupied in the present study were mature forest 

stands that provided marginal habitat then (Kjolhaug 1986) and remained mature stands 

with scarce understory vegetation at the time of our searches. They also were inundated 

for a prolonged period of time during major flood events in 1993 and 1995. Further, 

these sites were fragmented bottomland remnants surrounded by agriculture and probably 

supported low population levels at best. If the 1993 and 1995 floods extirpated swamp 

rabbits from these locations as we suspect, lack of connectivity with sites in the vicinity 

still supporting substantial swamp rabbit populations would have precluded repopulation. 

Conversely, we found swamp rabbits on 6 sites where Kjolhaug (1986) did not find evi¬ 

dence of rabbits. However, 2 of the sites were flooded or recently flooded when searched 

by Kjolhaug (1986), possibly causing these site’s occupancy status to be misclassified. 

One of these areas was along the Mississippi River, connected but distant from an estab¬ 

lished population, but the other was very isolated and unlikely to have been recolonized. 

Three of the remaining 4 areas experienced some form of disturbance to the forest canopy 

in the previous 5 years that created more favorable habitat. Sources of disturbance identi¬ 

fied were tornado blowdowns, selective or clear-cut logging, and flood-caused tree kills 

that opened the canopy producing thick stands of underbrush. Also, the 1993 and 1995 

flood events killed trees in some areas that created better swamp rabbit habitat than 

existed previously. We speculate that swamp rabbits moved from surrounding areas into 

these improved habitats. The 3 sites with disturbance were connected to established 

populations by waterways; however, 1 of these sites was distant from any existing popu¬ 

lation. The remaining site was isolated and not connected to any existing populations; 

however, this was 1 of the sites on which the occupancy status was very tenuous (1 pellet 

on 1 log). All sites that changed occupancy status between the 2 studies only supported 

low populations, with the exception of 1 of the sites possibly misclassified by Kjolhaug 

(1986). These changes suggest the influence of habitat quality on occupancy and may 

reflect the transitory nature of swamp rabbit populations on these areas. 

We recognize that we are working on the swamp rabbit’s distribution edge (Whitaker and 

Hamilton 1998). Distribution fluctations along this edge would be expected, and that 
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may account for individual site occupancy changes between the 2 studies. However, 

human alterations of the landscape and hydrology have been so extensive that they likely 

pose a greater threat to swamp rabbit persistence than the random fluctuations expected 

along a species distribution edge. 

We believe that the swamp rabbit in Illinois exists as a mainland-island metapopulation 

as described by Harrison (1991). The fragmented bottomland habitat in southern Illinois 

includes some large habitat patches (mainlands) that are responsible for net population 

recruitment, while small patches (islands) support only a few individuals with limited 

resources and low survival rates that hinder successful recruitment. While these “island” 

populations likely have little influence on metapopulation persistence (Harrison 1991), 

they could provide important stepping stones for connecting the “mainlands”. Due to the 

patchy distribution of habitat, swamp rabbit populations remain vulnerable to habitat loss 

and stochastic events such as flooding that can cause local extirpation. 

Flooding can be both beneficial and harmful to swamp rabbits depending on the extent, 

duration, and timing of the flood event and the surrounding landscape mosaic. Extensive 

and prolonged flooding can reduce swamp rabbit survival and reproduction, particularly 

if there is no secure upland cover nearby for them to move to, potentially causing local 

extirpations. However, flooding also is one of the disturbance events which can kill 

overstory trees, creating canopy gaps and thereby enhancing the habitat. 

MANAGEMENT IMPLICATIONS 

While it appears that swamp rabbits have maintained a stable distribution over the past 

decade, the status of the species in Illinois should be viewed with concern. Although the 

number of occupied sites remained relatively constant between Kjolhaug’s (1986) survey 

and ours, nearly 61% of the sites only supported populations of low abundance. These 

low abundance populations spread out over such a large area are vulnerable to localized 

extirpations. Whitaker and Hamilton (1998) noted that swamp rabbits were extirpated, or 

nearly so, from bottomland habitats in Indiana and speculated that the cause was conver¬ 

sion of adjacent higher areas to farmland. This is so in Illinois, but the reality is that land 

use is unlikely to change. 

We recommend a proactive management strategy that focuses on existing occupied and 

unoccupied habitats. We recognize that further study is needed on swamp rabbit disper¬ 

sal and population dynamics in “island” populations to determine if they might be acting 

as “sinks”. However, the management strategy we advocate is to identify resource rich 

habitat patches (mainlands), properly manage them, and establish connectivity with 

smaller patches and lower quality habitat that now serve as “islands”, or are unoccupied. 

Emphasis should be placed on connecting to “islands” which could serve as stepping 

stones between “mainlands”. Although about 68% of occupied sites are in public own¬ 

ership (and 40% of potential habitat identified; A. Woolf, unpublished data), important 

sites are in private ownership, hence, a public-private partnership should be created to 

manage Illinois swamp rabbits. Riparian zone management of waterways to connect 

habitat patches will require landowner cooperation that can be encouraged with existing 

conservation stewardship and incentive programs, easements, and other similar programs. 

This important cornerstone of a management plan should be politically and economically 
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feasible, and enhances water quality and watershed management in a broad context. The 

latter benefit should facilitate inter-agency cooperation and collaboration to develop and 

implement a management plan. 

A critical component of a plan to maintain swamp rabbits as a viable component of Illi¬ 

nois’s fauna is need to manage the habitat patches. Kjolhaug and Woolf (1988) and 

home range studies in progress (A. Woolf, unpublished data) underscore the importance 

of early successional stage habitat to swamp rabbit food and cover needs. However, sup¬ 

port is lacking to manage public lands for species that require such habitats. Unless 

resource agencies can actively manage habitats (or at least habitat patches) now occupied 

by swamp rabbits, habitat quality will surely diminish. Dependance on natural events 

(e.g., windstorms, insect damage, floods, and others) to create canopy openings and 

patches of early-succession vegetation will leave swamp rabbit persistence to chance. 

Given their limited distribution and vulnerable status in Illinois, we believe that proactive 

adaptive management is a more reasonable strategy. 
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Table 1. Number (n), acreage (ha), and minimum and maximum patch size (ha) of sites 

occupied by swamp rabbits at different relative abundances in southern Illinois, 

1995-1997. 

% of Patch size 

Abundance3 n occupied sites Total acreage Minimum Maximum 

Low 20 60.6 18,514.5 25.7 2,926.2 

moderate 3 9.1 1,839.0 48.5 1,435.6 

high 10 30.3 3,016.7 159.1 891.5 

a Relative swamp rabbit abundance was classified as high, moderate, low, and absent 

according to the following number of pellet logs found per site: >20 pellet logs = high; 

10-19 pellet logs = moderate; 1-9 pellet logs = low; 0 pellet logs = absent. 
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Figure 1. Swamp rabbit distribution in southern Illinois as indicated by a survey con¬ 

ducted 1995 - 1997. Habitat patches are indicated, but not all habitat patches 

within occupied counties were occupied. 
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ABSTRACT 

The gastrointestinal tracts of 3 Anolis stratulus and 2 Anolis cristatellus from Puerto Rico 

were examined for helminths. Three helminth species were present: Mesocoelium dan- 

forthi, Spauligodon anolis and Parapharyngodon cubensis. Spauligodon anolis in A. 

stratulus constitutes a new host and geographic locality record. Parapharyngodon 

cubensis in A. stratulus and A. cristatellus represent new geographic locality records and 

in A. stratulus a new host record. 

INTRODUCTION 

Anole lizards of the West Indies are perhaps one of the most comprehensively studied 

groups of vertebrates in the world (Schwartz and Henderson, 1991). While detailed 

studies on their genetics, ecology, evolutionary relationships and helminth fauna have 

been reported from several geographic localities, with the exception of the reports by 

Cofresi-Sala (1964) and Acholonu (1976), there remains a paucity of information on 

anole helminths in Puerto Rico. The purpose of this report is to add to our knowledge of 

the helminths of Anolis stratulus Cope, 1862 and A. cristatellus Dumeril and Bibron, 

1837 from this area. 

MATERIALS AND METHODS 

Three Anoles stratulus (930614), (930616), (930714), and two A. cristatellus (930625-2), 

(941007) were examined for helminths. The esophagus, stomach, small intestine, and 

large intestine were examined separately utilizing a dissecting microscope. Nematodes 

were fixed in steaming acetic alcohol (1 part glacial acetic acid and 3 parts 95 percent 
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alcohol) and cleared for study in glycerine. Digeneans were fixed in AFA (alcohol for¬ 

malin-acetic acid) stained with Harris’ hematoxylin, dehydrated, cleared in beechwood 

creosote, and mounted in Canada balsam. Lizards were deposited in the herpetological 

collection of Southern Illinois University Carbondale (R2468-2469). 

RESULTS AND DISCUSSION 

Anolis stratulus is restricted to Puerto Rico and some satellite islands including Isla Vie¬ 

ques, Isla Culebra, and the U.S. and British Virgin Islands (Schwartz and Henderson, 

1991). While the biology of A. stratulus is well known (Wolcott, 1923; Schmidt, 1928; 

Heatwole, 1968; Schoener and Schoener, 1971; Rivero, 1978; and Regan, 1986), Meso- 

coelium danforthi Hoffman, 1935 is the only helminth parasite reported from this lizard 

(Hoffman, 1935; Cofresi-Sala, 1964). 

A single digenetic trematode found in the small intestine of one A. stratulus (930614) 

taken on 14 June 1993 and a single digenetic trematode found in another A. stratulus 

(930714) taken on 14 July 1993 in Guama, San German, (18° 5.3’ N, 67° 0.4’ W) were 

identified as Mesocoelium danforthi Hoffman, 1935. Another A. cristatellus (930625-2) 

taken on 25 June 1993 from the same locality housed 80 specimens of M. danforthi. The 

parasite was originally described from the intestine of a lizard, Celestus pleii collected by 

Dr. S. T. Danforth at an elevation of 610 meters on El Yunque, a mountain in the 

Luquillo National Forest, Puerto Rico on 29 March 1934 (Schwartz and Henderson, 

1991). Hoffman (1935) stated that M. danforthi is closely related to M. sociale (Liihe, 

1901), M. microon Nicoll, 1914, M. americanum Harwood, 1932, M. meggitti Bhalero, 

1927 and M. monodi Dollfus, 1929 but differs in having the longitudinal diameter of the 

oral sucker approximately twice that of the acetabulum, in the small size of its eggs, and 

with the exception of M. americanum, in its ovary being larger than either testis. It was 

not clear as to the number of specimens Hoffman examined. Of the 80 specimens exam¬ 

ined in the present study, the size of the ovary relative to that of either testis revealed a 

great degree of intraspecific variation, in that in some the ovary is larger than either testis, 

in some the ovary is smaller than either testis and in some they are of equal size. Cofresi- 

Sala (1964) reported M. danforthi in Anolis evermanni Stejneger, 1904, A. cristatellus, A. 

gundlachi Peters, 1876, A. stratulus, A. poncensis Stejneger, 1904, A. cuvieri Merrem, 

1820, A. pulchellus Dumeril and Bibron, 1837, A. krugi, Peters, 1876 and Ameiva exsul 

Cope, 1863. He found Hoffman’s (1935) description of M. danforthi from C. pleii lack¬ 

ing in a number of details and supplemented the original description with an amended 

description based on seventy-five specimens taken from 1199 lizards from various 

localities in Puerto Rico including the wet mountain rain forest of El Yunque, the coastal 

plain in Mayagiiez, the arid area of Ensenada, and the coffee belt of Maricao. He found 

similar variation in the size of the ovary relative to that of either testis. Later, Acholonu 

(1976) reported M. danforthi in 76 of 234 (32%) A. cristatellus and 2 of 8 (25%) A. exsul 

from Puerto Rico but did not elaborate on morphological variation. This species is the 

most common trematode reported from anoles in Puerto Rico and exhibits a wide geo¬ 

graphic distribution. This is the second report of the parasite from A. stratulus and the 

third from A. cristatellus in Puerto Rico. Voucher specimens have been deposited in the 

U.S. National Parasite Collection, U.S. Department of Agriculture, and designated by the 

accession numbers USNPC Nos. 090929.00, 
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One Anolis stratulus (930616) captured on 16 June 1993 in Guama, San German con¬ 

tained one mature female, 4 immature females and 20 mature male nematodes in the 

stomach and small intestine identified as Spauligodon anolis (Chitwood, 1934) Bursey 

and Goldberg, 1998. This species was described from the large intestine of Anolis con- 

spersus Garman, 1887 from Grand Cayman Island, British West Indies. Other species 

reported from lizards in the Neotropical Realm include S. antillarum Barus and Coy 

Otero, 1974, S. cubensis (Read and Amrein, 1953) Skrjabin, Schikhobalova and 

Lagodovskaja, 1960, S. maytacapaci (Vicente and Ibanez, 1968) Barus and Coy Otero, 

1974, S. oxkutzcabiensis (Chitwood, 1938) Skrjabin and Schikhobalova and Lajodor- 

skaja, 1960 and S. viracochai (Freitas, Vicente and Ibanez, 1968) Barus and Coy Otero, 

1974. The finding of Spauligodon anolis in Anolis stratulus from Puerto Rico constitutes 

a new host and geographic locality record. Voucher specimens are designated as USNPC 

No. 090926.00. 

Four female Parapharyngodon cubensis (Barus and Coy Otero, 1969) were found in the 

intestine of one Anolis stratulus (930614) taken from Guama, San German, La Parguera 

on 14 July 1993 and one male and female found in A. cristatellus (941007) from Isla 

Mayagiies on 7 October 1994. This nematode has been reported from a large spectrum of 

reptiles throughout the West Indies. Barus and Coy Otero, (1969), Barus, (1973), and 

Coy Otero and Barus, (1973, 1979) reported this parasite from several hosts in Cuba 

including lizards (Ameiva auberi Cocteau, 1838 or 1839, Anolis allisoni Barbour, 1828, 

A. allogus Barbour and Ramsden, 1919, A. bartschi Cochran, 1928, A. bremeri Barbour, 

1914, A. homolechis Cope, 1864, A. jubar Schwartz, 1968, A. lucius Dumeril and Bibron, 

1837, A. luteogularis Noble and Hassler, 1935, A. porcatus Gray, 1840, A. quadriocel- 

lifer Barbour and Ramsden, 1919, A. sagrei Dumeril and Bibron, 1837, A. vermiculatus 

Dumeril and Bibron, 1837, Gonatodes albogularis Dumeril and Bibron, 1836, Hemidac- 

tylus brooki Gray, 1845, Leiocephalus carinatus Gray, 1827, L. cubensis Grey, 1840, L. 

marcopus Cope, 1863, Sphaerodactylus cinereus Wagler, 1830, and S. torrei Barbour, 

1914), snakes (Alsophis cantherigerus Bibron, 1840, Trophidophis melanurus Schlegel, 

1837, and T. semicinctus Gundlach and Peters, 1865) and an amphisbaenid (Amphisbaena 

cubana Gundlach and Peters, 1878). Goldberg and Bursey, (1996a), Goldberg et al., 

(1996c), and Goldberg et al., (1998) reported P. cubensis from Anolis baboruccoensis 

Noble and Hassler, 1933, A. barahonae Wiliams, 1962, A. brevirostris Bocount, 1870, A. 

chlorocyanus Dumeril and Bibron, 1837, A. coelestinus Cope, 1863, A. cristatellus 

Dumeril and Bibron, 1837, A. eugenegrahami Schwartz, 1978, A. monticola Shreve, 

1936, and A. oculatus Cope, 1879 from Hispaniola. Bundy et al., (1987) and Vogel and 

Bundy (1987) reported Anolis grahami Gray, 1845, A. lineatopus Gray, 1840, A. sagrei 

and A. valencienni Dumeril and Bibron, 1837 as hosts from Jamaica. Hosts from the 

Lesser Antilles include Anolis bimaculatus Sparrman, 1784, A. ferreus Cope, 1864, A. 

gingivinus Cope, 1864, A. lividus Garman, 1888, A. pogus, A. sabanus Garman, 1887, A. 

schwartzi, and A. wattsi Boulenger, 1894 (Dobson et al., 1992). Goldberg et al., (1996a) 

and Goldberg and Bursey (1996b) reported this nematode in Anolis maynardi from the 

Cayman Islands, Goldberg et al. (1996b) in A. scriptus Garman, 1888 from the Caicoas 

Islands and Goldberg et al. (1997) in A. acutus from St. Croix, U.S. Virgin Islands. 

The finding of P. cubensis in A. stratulus and A. cristatellus from Puerto Rico are new 

geographic locality records and A. stratulus a new host record. Voucher specimens are 

deposited in the USNPC Nos. 090925.00 and 090924.00. 
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Additional helminthological investigations of reptiles from Puerto Rico are warranted in 

order to understand parasite-host ecology relationships, the systematics of the host and as 

a contribution to our knowledge of the helminth biogeography of Caribbean reptiles. 
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ABSTRACT 

Parasitism of the eggs of black rat snakes (.Elaphe obsoleta) by a burying beetle {Nicro¬ 

phorous pustulatus) was recently reported in Ontario, Canada (Blouin-Demers and 

Weatherhead 2000). This relationship may be the first documented case of a vertebrate 

host of an insect parasitoid, and may be an important, previously unrecognized factor 

affecting reproductive success in oviparous snakes. We document a similar case of egg 

parasitism in Illinois, suggesting the relationship may be widespread and general within 

the range of N. pustulatus. 

INTRODUCTION 

Blouin-Demers and Weatherhead (2000) recently reported observations of the burying 

beetle, N. pustulatus, attacking eggs of black rat snakes in Ontario, Canada. These beetles 

bored holes into live snake eggs allowing access to developing embryos by beetle larvae, 

making this probably the first reported case of a vertebrate host of an insect parasitoid. 

Blouin-Demers and Weatherhead (2000) also noted that mortality factors affecting snake 

populations are often poorly known, and this relationship, if it proves to be general, could 

be an important, previously unknown factor affecting the reproductive success of ovipa¬ 

rous snakes. 

During a recent study of habitat use by snakes (Keller and Heske 2000), we made a 

similar observation on a clutch of black rat snake eggs in Illinois. Our observation is 

noteworthy because it suggests that the relationship noted by Blouin-Demers and 

Weatherhead (2000) may be widespread and deserving of additional study. 

We collected a 122-cm long female E. obsoleta at the Middle Fork Fish and Wildlife 

Area, Vermilion County, Illinois, on 18 April 1998, implanted the snake with a radio 

transmitter at the University of Illinois, and then released it at the capture site on 20 
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April. The black rat snake was subsequently located in or near a pile of wood chips and 

trash from 15 June to 1 July. The chip pile was overhung by tree branches and shrubs on 

its west side so it was not exposed to direct sunlight. On 27 July, we carefully excavated 

the chip pile to gain data on clutch size and oviposition site for the black rat snake, 

beginning under a metal object where the snake had spent several days. 

RESULTS AND DISCUSSION 

An egg with a small (about 12-mm diameter) circular hole in the side was found 5 cm 

below the surface. The top three eggs of the rest of the clutch were found 10 cm below 

that. Each egg had a similar circular hole. Just below these eggs were four more, two with 

similar circular holes, one with the posterior of a large black beetle sticking out of a hole 

in the egg, and one with the posterior of a of a large white grub protruding from a hole in 

the egg. The eggs with holes were empty, and the holes appeared similar to those 

described by Blouin-Demers and Weatherhead (2000). Below these eggs were six more 

with no hole. The temperature was 26.1°C at the surface of the chip pile and 27.2° C at 

the uppermost egg. The intact eggs were taken to the laboratory and incubated on ver- 

miculite in a ventilated container sitting in a water bath of 28.1° C. All intact eggs 

hatched young black rat snakes on 5 Sept. The beetle also was collected and determined 

to be N. pustulatus by J. Bouseman of the Illinois Natural History Survey. We did not 

collect the grub or further examine the eggs being consumed by the beetle and grub. 

Nicrophorus pustulatus was previously known only from Champaign and McHenry 

counties in Illinois and is not considered common in the state (J. Bouseman, pers. 

comm.). Other members of the genus Nicrophorus are commonly called burying beetles 

for their habit of laying eggs on a small carcass that they then bury, and are noted for 

their complex brood-rearing behaviors (Scott 1998). Prior to the report of Blouin-Demers 

and Weatherhead (2000), the resource used by N. pustulatus for larval feeding was 

unknown. Apparently, adult N. pustulatus open holes in snake eggs to allow access by 

developing larvae, and for their own feeding (Blouin-Demers and Weatherhead 2000). 

Blouin-Demers and Weatherhead (2000) suggested that N. pustulatus may be a signifi¬ 

cant cause of egg mortality for black rat snakes. They found up to 100% of otherwise 

viable eggs in a clutch destroyed by N. pustulatus. They also noted that only nests with 

multiple clutches suffered beetle attack in their study, and that the large mass of such 

multiple clutches could explain the high fecundity of N. pustulatus. The site of the nest 

we excavated at the MFFWA lends itself to annual use by multiple females, however, this 

possibility has not been investigated. Animal carcasses are distributed in an unpredictable 

and variable pattern, and are the limiting factor in the reproductive success of burying 

beetles (Ramel 1999). Consequently, beetles that can find and utilize clutches of snake 

eggs may have a reproductive advantage. The period when N. pustulatus reproduces 

(June-August, Ramel 1999) coincides with that given by Ernst and Barbour (1989) for 

nesting (May-July) and hatching (July -mid September) of black rat snakes. It is unknown 

at this time if N. pustulatus limits itself to the eggs of the genus Elaphe, or for that matter, 

serpents. 
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While N. pustulatus is considered rare in eastern North America (Anderson and Peck 

1985), it may not prove to be rare in snake nests. More research is needed to determine if 

this small beetle plays a significant role in the population biology of certain reptiles. 
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ABSTRACT 

Little is known about the ecology of Illinois chorus frog (Pseudacris streckeri illinoensis) 

tadpoles. We reared Illinois chorus frog tadpoles from eggs and observed evidence that 

this species’ tadpoles are cannibalistic. This behavior appears to be facultative based on 

increased mortality rates of tadpoles raised on low protein rations compared to tadpoles 

raised on high protein rations. Additionally, a large tadpole was observed carrying a 

small living tadpole in its mouth. Despite netting this individual and handling during 

photography, it refused to release the small individual. Photographic evidence that Illi¬ 

nois chorus frog larvae of identical ages fed identical rations in identical housing condi¬ 

tions show differential development reminiscent of large and small larval morphotypes 

combined with the tenacity with which the large larvae maintained its grip on the small 

one provide evidence that some of these larvae develop into cannibalistic mophotypes 

under appropriate conditions. 

Key Words: Illinois chorus frog, Pseudacris streckeri illinoensis, tadpoles, cannibalism, 

Arkansas 

INTRODUCTION 

Evolutionarily strategies (ESS), conceptually derived from Game Theory, are those sets 

of rules of behavior that when adopted by a certain proportion of individuals in the 
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population cannot be replaced by any alternative strategy (Dawkins, 1980). Cannibalism 

is one of the more difficult ESS’s for ecologists to understand; yet, it remains present 

throughout the animal kingdom and occurs most frequently under conditions of high den¬ 

sity and food limitation (Crump, 1983). In many species the consequences of cannibal¬ 

ism include population regulation and alteration of age class structure resulting in low¬ 

ered intraspecific competition (Crump, 1983). Scaphiopus may incur reduced individual 

survivorship of cannibalistic morphs through accumulation of toxins and parasites (Pfen¬ 

nig et al., 1991). Cannibalism may reduce an individual’s inclusive fitness through kin 

selection if an individual feeds on its siblings (Polis, 1981). It may also reduce kin com¬ 

petition through differential utilization of prey resources between cannibalistic and non- 

cannibalistic siblings, potentially resulting in higher survivorship of relatives from the 

same clutch (Crump, 1983). 

Cannibalism involving anuran tadpoles is well documented (Hoff et al., 1999) but is most 

common in species from xeric, ephemeral habitats (Crump, 1983) and tropical species 

that breed arboreally. Most of these cases involve oophagy (Crump, 1983); however, 

tadpole-tadpole cannibalism also occurs and typically involves predation on different size 

classes or life stages (Hoff et al., 1999). Tadpole cannibalism is most common in spade- 

foot toads 0Scaphiopus), where cannibalistic and herbivorous morphotypes are present 

(Hoff et al., 1999). Other species participating in apparently facultative cannibalism 

include wood frogs {Rana sylvatica) (Bleakney, 1958), northern leopard frogs {Rana 

pipiens) (Salthe and Mecham, 1974), and various tree frogs (Hylidae) (Hoff et al., 1999). 

The Illinois chorus frog (Pseudacris streckeri illinoensis) is an unusual hylid with a range 

restricted to sand prairies of northeastern Arkansas, southeastern Missouri, and southeast¬ 

ern and central Illinois (Brown and Rose, 1988; Conant and Collins, 1998). This species 

leads a highly fossorial lifestyle and is seldom encountered above ground outside of the 

1-2 week long breeding season (Brown et al., 1972). It is capable of subterranean feed¬ 

ing, digging forward with its forelimbs and eating invertebrate prey as they are encoun¬ 

tered (Brown, 1978). The forearms may be utilized to capture subterranean prey based 

on observations of surface feeding by McCallum and Trauth {In Press). The breeding 

season extends from late February through early March and is characterized as both 

explosive and sporadic (Brown and Brown, 1973). Defensive posturing (McCallum et 

al., In press), post-metamorphic growth and survivorship (Tucker, 2000), and reproduc¬ 

tive biology (Butterfield, 1988, Butterfield et al., 1989) of the Illinois chorus frog have 

been described, but most aspects of this species natural history, especially its larval ecol¬ 

ogy, are chiefly unknown. During an attempt to understand components of the Illinois 

chorus frog’s larval nutritional requirements we began to observe evidence of cannibalis¬ 

tic relationships between large and small larval morphologies as described below. 

MATERIALS AND METHODS 

On 24 February 2000, three male and three female Pseudacris streckeri illinoensis were 

collected while in amplexus from a breeding chorus located in Clay County, Arkansas. 

The three pairs were housed communally in a 15 x 30 x 15 cm plastic box with about 4 

cm of dechlorinated tap water. The following morning (25 February 2000) several small 

clutches of eggs were present. The total number of eggs was counted, and then they were 

incubated at 20°C in the same boxes where they had been laid. For seven days following 
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hatching the tadpoles were allowed to remain with and feed on their egg masses. Groups 

of five tadpoles then were distributed into each of 15 plastic boxes filled with 3 L of 

dechlorinated water. Beginning 7 March 2000, groups of four boxes of five tadpoles 

were placed on each of five soybean meal (sbm)/fescue diets as follows: 100% soybean 

meal, 75/25, 50/50, 25/75, 100% fescue. Tadpoles were fed 0.25 g of each diet per box 

per day. After the first week, tadpoles were provided with minimal surplus of each diet 

so that only a few grains remained at the next feeding. On 17 April 2000, The 15 con¬ 

tainers of P. s. illinoensis tadpoles were transferred to larger 10 x 60 x 90 cm plastic 

boxes in order to maintain water quality with the greater volumes of food and waste 

products associated with the growing larvae. Wood frog (.Rana sylvatica) and southern 

leopard frog {Rana sphenocephala) tadpoles were treated identically as controls. Minitab 

3.0 was used to calculate regression analyses. 

RESULTS 

A total of 170 eggs was laid (approximately 57 eggs per female). The first free-swim¬ 

ming Pseudacris streckeri illinoensis larvae were observed 1 March 2000. By 4 March 

2000, 112 larvae free-swimming were present. This represented a 65.9% survivorship 

from eggs to free-swimming larvae. The survivorship of P. s. illinoensis in each treatment 

is shown in Table 1. The survivorship of Illinois chorus frog tadpoles on each diet 

appeared to drop as both the soybean component was reduced and as length of time on 

that ration increased (r2pred = 89.16%, P = 0.000). Mortality rates of Illinois chorus frog 

tadpoles did not appear substantially different between treatments as of 2000 March 28 

(r2 = 48.9%, P = 0.189). By 2000 April 3 survivorship was showing a positive relation¬ 

ship with an increasing sbm component (r2 = 82.7%, P = 0.032). Some tadpoles appeared 

slightly larger than others at this time, but the data were not quantified. By the 37th day of 

the study there was no longer a definite linear relationship between sbm component and 

mortality (ANOVA: Fu =3.375, P = 0.164) and by the 51st day there was no association 

between diet and mortality (r2 = 0.0%, P = 1.0). 

While transferring tadpoles to larger quarters, one large tadpole was observed carrying a 

small one in its mouth (Fig. 1). In this photo you can distinctly see the size difference 

between the two morphs of the same age and fed the same diet. The small larvae could 

be observed thrashing weakly in the grasp of the larger one. The large morph’s grasp on 

its smaller victim’s tail was tenacious enough that it did not release its prey, even after 

being pursued by the investigators and transferred to a small jar where it was photo¬ 

graphed. Despite the obvious reductions in experimental populations for this study 

(100% mortality), few remains of Illinois chorus frog larval body parts were noticeable. 

Some remnants of vertebrae, skulls, and skin were all that usually remained. Conversely, 

dead wood frog (R. sylvatica) and leopard frog (R. sphenocephala) tadpoles were usually 

recovered intact. Wood frog (R. sylvatica) experimental populations dropped from 75 to 

56 tadpoles (26.4% mortality), and southern leopard frog (R. sphenocephala) populations 

dropped from 75 to 51 tadpoles (32% mortality) while each was under the same housing 

and diet constraints. 
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DISCUSSION 

Tadpoles on high protein rations persisted longer than those fed low protein diets (Table 

1) giving the initial appearance that tadpoles were dying from protein deprivation. Soy¬ 

bean meal is usually around 44% protein, whereas fescue commonly contains only 

around 9% (Jurgens, 1988). Consequently our treatments of 100%, 75%, 50%, 25%, and 

0% sbm can be mathematically estimated using the Pearson square technique (Jurgens, 

1988) as 44%, 35%, 27%, 18%, and 9% protein respectively, revealing that protein con¬ 

tent of the diets was more limiting as the sbm fraction was reduced. Since tadpoles of the 

other species had mortality rates around 30% under the same conditions, the added mor¬ 

tality in Illinois chorus frog tadpole colonies might have been contributed by cannibalism 

or an unusually high protein requirement by these tadpoles. Until further diet studies on 

protein requirements for this species are conducted, we have little evidence of an unusual 

protein need in Illinois chorus frog tadpoles. 

The last tadpoles alive in all treatments were the large morphotypes, which ceased to 

grow or metamorphose once conspecifics were eliminated. Because we did observe can¬ 

nibalism and because large tadpoles with plenty of food ceased to grow or develop once 

potential prey was eliminated, it seems probable that the added mortality between treat¬ 

ment groups was due at least in part to this behavior and not entirely to protein require¬ 

ments by these larvae. Starrett (1960) has provided evidence that in other anurans 

expression of tadpole cannibalism is often facultatively expressed in response to food 

abundance. If this is the case in the Illinois chorus frog we might infer that its protein 

requirement triggers cannibalism facultatively when this nutrient is in low supply. 

Cannibalism may be an important trait for the persistence of xerically-adapted species 

(Crump, 1983), such as the Illinois chorus frog. Ponds where these tadpoles develop are 

extremely susceptible to drying and are often short-lived. Spawning occurs in flooded 

agronomic fields that are primarily composed of sand. Water quickly percolates from the 

surface during drought conditions (such as experienced in Arkansas from 1999-2000). 

Eggs are laid during heavy rains in the spring without the benefit of prior colonization of 

these ponds by plankton and algae. Tadpoles remained near and appeared to feed on their 

egg masses; cannibalism was not observed during this time. Such behavior may allow 

time for the pond microcosm to become established. 

Based on this evidence, cannibalism may begin expression by tadpoles between day 28 

and 54 of development. Treatment associated mortality was not observed prior to this 

(Table 1). By the 54th day, however, survivorship was no longer associated with feeding 

regime suggesting that mortality was resulting from cannibalism in all treatment groups 

by this time, and not diet. If their protein requirement was exceeding that provided by all 

the ration formulas by the 54th day, tadpoles may have developed into cannibalistic 

morphs and quickly eaten the available herbivorous tadpoles. This is supported by the 

reduction in high protein treatments during the latter part of the study. 

Growth rate differences (but not mortality differences) were observed under these treat¬ 

ments for other species (unpublished data), suggesting that cannibalism appeared during 

this time to enhance dietary protein and that this macronutrient’s deficiency was not 

causing direct mortality. 
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Cannibalism is an important strategy for resource allocation in any population. Under 

ideal circumstances natural selection should eliminate larval phenotypes that feed on 

foods other than conspecifics. Such behavior maximizes reproductive potential through 

kin selection as well as through the individual’s personal reproductive potential. Without 

this added source of predation only intraspecific competitive exclusion would persist (i.e., 

something that is usually low when considering planktonic food sources in ponds). This 

would normally maximize the probability that any individual will survive to reproduce. 

Illinois chorus frog tadpoles do not live in the ideal situations described above. Their 

habitat is highly susceptible to dessication and is low in extended productivity (Cole, 

1988) due to the permeability and inert qualities of the sandy substrate as well as short¬ 

lived nature of their breeding ponds. Such xeric, ephemeral habitats require their inhabi¬ 

tants to possess unique adaptations that provide maximal benefits to the individual’s 

reproductive capacity under these circumstances. 

Cannibalism may provide an insurance policy for Illinois chorus frog larvae by allowing 

them to feed on conspecifics (and probably small plankton as well) ensuring that food 

will not become limiting before metamorphosis is complete. 

The highest risk to survival of tadpoles from sand prairies is probably the evaporation of 

their breeding pools. The persistence of both morphotypes could ensure that some 

recruitment occurs every year in which breeding pools last long enough for metamorpho¬ 

sis to transpire. Individuals that do not produce both morphotypes would be under severe 

selective pressure and would be capable of producing viable young only during those few 

years in which ponds do last long enough; the ideal conditions are present for their prey 

type. Our data provide photographic evidence that Illinois chorus frog larvae of identical 

ages fed identical rations in identical housing conditions show differential development 

reminiscent of large and small larval morphotypes. Description of the tenacity with 

which the large tadpole retained its grasp on the smaller one is provided and not expected 

from a tadpole that does not hold adaptations specifically for such behavior. Further cir¬ 

cumstantial evidence based on initial changes in survivorship explainable by protein 

changes in the diet, followed by final balance in survivorship that is not explainable by 

this factor suggest that cannibalism was eventually occurring in all treatments. Finally, 

the recovery of only body parts in Illinois chorus frog housing, but entire tadpoles from 

chambers of other species, suggests that Illinois chorus frog larvae were at least more 

likely to feed on the dead/dying larvae than other species regardless of this species canni¬ 

balistic tendencies. When this evidence is combined, it substantiates the theory that the 

Illinois chorus frog is capable of developing cannibalistic larval morphotypes in parts of 

its range. 
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Table 1. Survivorship of Illinois chorus frog tadpoles on each of five diets. Percentages 

are the percent of soybean mean in each diet, and the numbers in each column 

represent the number of tadpoles present on that date. 

Date 100% 75% 50% 25% 0% TOTAL 

March 7 20 20 20 20 20 100 

March 28 14 16 9 13 8 60 

April 3 13 15 9 8 5 50 

April 17 5 7 1 3 1 17 

May 17 1 0 0 0 0 1 
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Figure 1. Cannibalistic morph grasping the tail of a smaller tadpole of Illinois chorus 

frog (Pseudacris streckeri illinoensis). The small morphotype’s tail is 

extending out of the mouth of the large tadpole (depicted above the drawn 

line). 
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ABSTRACT 

Fluorescent powder tracking was compared with radiotelemetry to locate nests used by 

golden mice (Ochrotomys nuttalli), a semi-arboreal species. Fluorescent powder was not 

a successful method for determining nest location or movement patterns for golden mice. 

Many golden mice immediately climbed trees, whereas white-footed mice remained on 

the ground. Weather conditions can negatively affect the success of powder tracking. 

Although radiotelemetry successfully determined the locations of occupied nests, precise 

estimates of movements within a microhabitat could not be made. 

Key words: fluorescent powder, golden mouse, Ochrotomys nuttalli, Peromyscus leuco- 

pus, radiotelemetry, white-footed mouse 

INTRODUCTION 

Fluorescent powder has been used for tracking fish (Phinney and Matthews, 1969), 

woodcocks (,Scolopax minor, Steketee and Robinson, 1995), reptiles (Ireland, 1973; Fel¬ 

lers and Drost, 1989; Blankenship et al., 1990), and several species of small mammals 

(Lemen and Freeman, 1985; McShea and Gilles, 1992; Hovland and Andreassen, 1995; 

Menzel et al., 2000). This method has several advantages compared to radiotelemetry, 

including low cost, no need for constant monitoring, ability to trace exact movements of 

animals through microhabitats (Steketee and Robinson, 1995), and not hindering animal 

movement (McShea and Gilles, 1992). Disadvantages of powder tracking include inabil¬ 

ity to tell change of direction or the number of times a route was traveled (Fellers and 

Drost, 1989), difficulty in distinguishing different powder colors under a black light 

(Fellers and Drost, 1989), and a tendency for the powder to be washed away by precipi¬ 

tation (Morzillo, 2001). It has also been suggested that prolonged exposure to fluorescent 

powder may result in decreases in activity (Mikesic and Drickamer, 1992), respiratory 

distress (Stapp et al., 1994), and long-term environmental contamination (Halfpenny, 

1992). Past studies using this method focused on exclusively terrestrial species, the only 

exceptions being woodcock chicks that had not yet fledged (Steketee and Robinson, 

1995) and fish (Phinney and Matthews, 1969). 
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Golden mice occur throughout the southeastern United States, including the southernmost 

counties of Illinois. Golden mice are semi-arboreal, having semi-prehensile tails and 

“well-developed abdominal musculature” (Bohall-Wood and Layne, 1986:18) to assist 

them in balancing on thin branches and vines (Linzey and Packard, 1977; Bohall-Wood 

and Layne, 1986; Packer and Layne, 1991). Along with feeding platforms, two structures 

are closely associated with golden mouse ecology - ground and arboreal nests 

(Goodpaster and Hoffmeister, 1954; Linzey and Packard, 1977). 

Arboreal nests occur at heights ranging from ground level to > 10 m, but most are 

between 1.5 and 4.5 m above the ground (Barbour, 1942; McCarley, 1958; Packard and 

Garner, 1964; Blus, 1966; Linzey and Packard, 1977; Frank and Layne, 1992). Arboreal 

nests are often constructed in greenbrier (Smilax spp.), honeysuckle (Lonicera japonica), 

sumac (Rhus spp.), and grapevines (Vitis spp.', Blus, 1966; Linzey, 1968; Linzey and 

Packard, 1977; Feldhamer and Paine, 1987; Packer and Layne, 1991; Frank and Layne, 

1992, Wagner et al., 2000). Blus (1966) reported 13.1 m as the average distance between 

arboreal nests. From the same study, distances of 42.7 m and 54.9 m separated pairs of 

nests used by two other individuals. Ground nests have been associated with fallen logs 

(Easterla, 1968) or under leaf litter (Packer and Layne, 1991). Packer and Layne (1991) 

also suggest that, although semi-arboreal, Ochrotomys do more foraging on the ground 

than other species of mice. The objective of this study was to determine whether 

fluorescent powder could be used to locate arboreal and ground nests used by golden 

mice. Trail length and behavior of powdered golden mice were also compared to 

powdered white-footed mice (Peromyscus leucopus) to determine whether differences in 

microhabitat use existed. 

MATERIALS AND METHODS 

The study area was within Jackson County, Illinois. Areas initially surveyed for golden 

mice were selected based on those used by Wagner (1998) and from past small mammal 

surveys (Feldhamer and Paine, 1987; Furtak-Maycroft, 1991). Study sites were located 

from late November 1998 through early March 1999 while leaves were absent and 

arboreal nests were easy to locate. Sites selected for fieldwork were located on land 

owned by Southern Illinois University Carbondale (Touch of Nature Environmental 

Center) and on public land within Giant City State Park. 

From January to August 1999, fluorescent powder (Radiant Color®, Inc.) was used in an 

attempt to follow individual golden mice from point of capture to occupied arboreal or 

ground nests. Adult mice were captured in Sherman live traps, held by the scruff of the 

neck, weighed, and dipped in powder. The animal’s dorsal, ventral, and posterior sur¬ 

faces were covered. This method was chosen, rather than dropping mice into a bag of 

powder and shaking them vigorously, because past studies suggest that the latter method 

may lead to respiratory distress (Stapp et al., 1994). Mice were released at point of cap¬ 

ture. Trails were located and followed at night using a black light. Flags were placed 

along trails for measurement, in meters, the following day. 

From September 1999 to June 2000, nests were located using radiotelemetry. Bat trans¬ 

mitters, modified with a collar (0.45 g, LB-2, Holohil Systems Ltd., Ontario, Canada; 

total weight with collar 2.0 g), and small mammal radio transmitters (1.5 g, SOM 2012 
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MVS, Wildlife Materials, Inc., Carbondale, IL) were attached around the neck of each 

golden mouse. Confirmation of mouse presence was made by visual observation of each 

arboreal nest, or hole for ground nests, by pinpointing the signal location. At some nests, 

either the antenna of the radiocollar or the mouse was visible. The Wilcoxon matched- 

pairs signed-ranks test (Siegel, 1956) was used to determine body mass of collared mice 

to determine if the collar was inhibiting the ability of the individual to acquire resources 

necessary to maintain adequate health. 

RESULTS 

Sixty-nine powder trails of 26 individuals (10 golden mice, 16 white-footed mice) were 

followed. Thirty-four trails were those of golden mice and 35 were those of white-footed 

mice. There was no significant difference in trail length between the sexes of each spe¬ 

cies (golden mice: t = 0.413, p = 0.6872; white-footed mice: t = 0.903, p = 0.3844) so 

trails were analyzed based on species only. Lengths of golden mouse powder trails 

(mean = 3.5 m) were significantly longer than Peromyscus trails (mean = 1.7 m; t = 

3.647; p< 0.001). 

Of the golden mouse powder trails followed, a rainstorm washed one away. A second 

non-linear trail extended for 2.8 m before the individual was found dead. The other 32 

golden mouse powder trails fit into one of two categories: either > 2.5 m in length or < 

2.5 m in length. Eighteen trails (range 0.3 m to 12.0 m) extended along the ground and 

then disappeared up into trees. There was no sign of the powder trails continuing within 

a 5 m radius of any of the trees. One powder trail continued along the ground for 6.1 m 

before ending > 1 m from woody stems that could be used for climbing. However, this 

dead end was not a result of predation because the individual was livetrapped and pow¬ 

dered again the next day. Another trail extended 6.8 m through forest undergrowth and 

dead-ended in tall grass along the side of a dirt road. The nesting location of this mouse 

was later revealed, through telemetry, to be across the dirt road near the point of capture. 

Only the longest trail followed (12 m) ended within 3 m of an arboreal nest in which the 

same mouse was observed using radiotelemetry. Because only one powder trail ended 

near a nest, we were not able to determine nest location or use by individual golden mice 

using this technique. 

Of the 14 golden mouse powder trails followed for < 5 m, only one extended 1 m from 

the release site into a hole that may have been a ground nest. However, this trail was 

followed in late February when the ground was frozen. Upon returning in April to dig up 

the hole, no evidence of nesting material was uncovered. The remainder of the trails 

extended to the nearest tree. 

None of the 35 Peromyscus powder trails ended in trees. Twenty-eight trails were < 2.5 

m (range 0.3 to 2.2 m) and ended at a hole. Two others ended at openings in fallen logs. 

No visible trails emerged from these holes or logs. Of the remaining five trails (range 2.5 

to 4.7 m), one ended far from any woody structures (this mouse was not captured again) 

and the other four disappeared among vines that surrounded trees. 

Of the 20 golden mice radiocollared (11 males and 9 females), a Wilcoxon matched-pairs 

signed-ranks test indicated no significant change in individual body masses (p > 0.05) 
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before collar attachment and after collar removal. Movement did not seem hindered, and 

mice were able to climb trees and move about the undergrowth freely. One female was 

noticeably pregnant when her radiocollar was removed. Using radiotelemetry, mice were 

easily located in nests during daylight hours. Difficulty in determining signal direction 

existed during precipitation and near extremely thick understory. 

DISCUSSION 

Whittaker et al. (1991) suggested yellow and orange were the most effective colors for 

powder tracking meadow voles (Microtus pennsylvanicus) in Minnesota. We found 

green, pink, blue, and purple did not work well and used yellow or orange to follow mice 

when only one or two individuals were powdered at a time. 

The significant difference in length between powder trails of golden mice versus white¬ 

footed mice may suggest a behavioral difference in use of habitat. The golden mouse 

trails were significantly longer, and most extended to a nearby tree. White-footed mouse 

trails generally ended at a hole in the ground. Although golden mice forage on the 

ground, they may use arboreal paths when traveling to and from nests. By differing in 

the extent of vertical habitat used, these two species may reduce potential interspecific 

competition. 

Of the 34 golden mouse powder trails followed, only 1 ended within 3 m of a nest later 

documented through telemetry as being occupied by that particular individual. By com¬ 

paring powder trails to telemetry locations, it appeared that powder trails were limited to 

core activity areas. As golden mice were released after powdering, they may have taken 

an arboreal route back to their nests. Once there, they groomed powder off themselves 

before the next activity period. This limited the number of other visible trails that could 

be followed. 

There was also a drought during this study. Over 80 days elapsed without precipitation 

between June and October 1999. During this time, the ground became dry and dusty and 

much of the ground vegetation wilted. We were unable to locate powder trails. It is sug¬ 

gested that the dry conditions inhibited powder from sticking to the soil or surviving 

undergrowth. Therefore, weather conditions reduced the effectiveness of this method 

(Morzillo, 2001). 

Stapp et al. (1994) suggested mice were susceptible to pneumonia because of powder 

inhalation. Mikesic and Drickamer (1992) found reduced activity in house mice (Mus 

musculus) covered in fluorescent powder after 6 hours. If reduced activity resulted in our 

study, it was not apparent. Most of the powdered golden mice were later used for radio¬ 

telemetry. 

No significant change in body mass suggests that movement of individual mice was not 

negatively affected by wearing the radiocollars. Mice were able to climb trees and enter 

and leave nests while wearing radiocollars. Occupied ground and arboreal nests were 

easily located. One particular female mouse had its foot caught in the collar upon 

release. She was recaptured 10 days later with her foot still tangled in the collar, but had 

been in three different arboreal nests. 
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ABSTRACT 

The Alligator Gar was one of the rarest fishes in Illinois and currently is listed as extir¬ 

pated from the State. There have been few published records of the species in Illinois, 

and the author found some overlooked published and unpublished records of the species 

in the lower Illinois River that expand the northern extent of the species’ former range in 

Illinois. Two voucher specimens exist along with three photographic records and reports 

in the literature. There are 18 records of Alligator Gar from 12 sites in Illinois (specific 

locality unknown for one additional record), plus one record from Missouri waters of the 

Mississippi River, one record from Indiana waters of the Wabash River, and 1 station 

record from Kentucky waters of the Ohio River, that include a total of about 121 Alliga¬ 

tor Gars. Details are given for all Alligator Gar collection records and an updated distri¬ 

bution map for Illinois is provided. 

Smith (1979) recorded three localities in Illinois for the Alligator Gar on his distribution 

map and mentioned several others in the text. Lee and Wiley (in Lee et al., 1980) pro¬ 

vided a more complete distribution for Alligator Gar in Illinois, yet the range did not 

include the lower Illinois River. More recently, Burr et al. (1996) added 3 more records 

of Alligator Gar in Illinois based on photographic evidence or verbal accounts from fish¬ 

ery biologists as well as citing the report of Barnickol and Starrett (1951), which listed 85 

Alligator Gars captured in the Mississippi River between Grafton and Cairo in 1944. An 

early account of the Alligator Gar by Forbes (1884, p. 84) stated: “Not common in Illi¬ 

nois, occurring somewhat rarely in the Ohio and Mississippi Rivers, occasionally in the 

Illinois, and in at least a single instance, in the Big Muddy, near Carbondale.” 

Weed (1923) cited numerous records of Alligator Gar from the lower Illinois River. A 

cataloged osteological specimen from the Illinois River at Meredosia was found in the 

Field Museum of Natural History under the name, Lepisosteus tristoechus, and the data 

indicate it might be one of the specimens to which Weed (1923) had referred in his paper. 

Although Weed (1923, p. 3) did not specifically list Alligator Gars from Meredosia, he 

did state that: “Some are taken in the latter stream [Illinois River], almost every year, 

about as far up as Beardstown, Illinois.” The specimen was 8.5 feet (2.6 m) total length 

and has catalog number FMNH 9926; this is only one of two preserved specimens of 
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Alligator Gar from Illinois waters. The other preserved specimen, a juvenile collected 

from the Illinois River at an unspecified location, is in the Illinois Natural History Survey 

(INHS 64422). Based on the sizes of the gars mentioned by Weed and the existence of 

two voucher specimens, the records are considered reliable. Using Weed’s (1923) col¬ 

lection localities, the known historic distribution of the Alligator Gar thus can be 

extended farther north in Illinois. Luce (1933) provided reports from local residents 

about Alligator Gars inhabiting the Kaskaskia River near its mouth and about their 

spawning in an overflow pond about two miles (3.2 km) above the mouth of the river in 

early June 1930. The summation of all records reveals that the distribution of the Alli¬ 

gator Gar in Illinois was more extensive than indicated previously by Smith (1979). Fig¬ 

ure 1 illustrates the former range of the Alligator Gar in Illinois based on preserved 

specimens, photographic records, and published accounts. Specific collection and local¬ 

ity information and references are given in Appendix A. 

Reports of large Alligator Gars were never common in Illinois and Kentucky (Weed, 

1923; Barnickol and Starret, 1951; Barbour, 1963). Most of the Alligator Gars reported 

by Barnickol and Starred (1951) were small with the exception of one fish in the size 

class 64.8-65.7 inches (1.6-1.7 m). The last specimen captured in Illinois in 1966 was 

about 7 feet (2.1 m) in length (INHS 48182, photograph). The Alligator Gar has declined 

in abundance in Arkansas and Tennessee as well (Robison and Buchanan, 1988; Etnier 

and Starnes, 1993). Possibly, the construction of levees that limit access to floodplain 

habitats and other modifications of aquatic habitats has contributed to the decline of the 

Alligator Gar in northern portions of its range (Etnier and Starnes, 1993; author, pers. 

obs.). Individuals who are aware of old photographic records or recent observations of 

the Alligator Gar in Illinois are urged to contact ichthyologists at the Illinois Natural 

History Survey or Southern Illinois University. 
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Figure 1. Distribution and chronology of collections of the Alligator Gar (Atractosteus 

spatula) in Illinois and bordering waters of the Mississippi, Ohio, and Wabash 

rivers based on records from Forbes (1884), Jordan (1890), Weed (1923), Luce 

(1933), Barnickol and Starred (1951), Smith et al. (1971), Hoyt (1979), Smith 

(1979), Burr et al. (1996), Field Museum of Natural History records, and Illi¬ 

nois Natural History Survey records. The map was modified from Smith 

(1979). One collection lacking specific locality information was not plotted on 

the map (INHS 64422). An arrow indicates the location of Beardstown, Illi¬ 

nois, along the Illinois River. Refer to Appendix A for additional collection 

information. 
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BOOK REVIEW #7 

Clark, David P. and Lonnie D. Russell. Molecular Biology: Made Simple and Fun. 

Second Edition. 2000. vii + 486 pages; illustrations; tables; definitions in side panels; 

additional readings; glossary; index. Cache River Press Vienna, Illinois. Soft Cover. 

Price: US$34.95. Available from Cache River Press, 2850 Oak Grove Road, Vienna, IL 

62995. 

Molecular Biology: Made Simple and Fun by Clark and Russell is an engaging, reader- 

friendly guide to molecular genetics and biotechnology. The book is intended for readers 

and students at a wide range of levels, from high school to college classes and beyond. 

The chapters are organized in a way that makes the textbook useful as an encyclopedic 

reference guide for readers who are well versed in the concepts of molecular biology. The 

majority of the chapters deal with topics emanating from the central dogma of molecular 

biology, that is DNA makes RNA makes protein. Several of these more conventional 

chapters deal with techniques used in molecular biology, such as enzymatic manipulation 

of DNA ( Chap. 9), cloning procedures (Chap. 16), polymerase chain reaction (Chap. 17), 

and DNA sequencing (Chap. 23). Interspersed among these chapters are several chapters 

on special topics that give this book a lot of its charm. Chapters on human genetic dis¬ 

eases, transgenic organisms, forensic medicine, biological warfare, and the molecular 

basis of taxonomy are very well crafted and thoroughly treat subject areas that are nor¬ 

mally glossed over in most textbooks on molecular biology. 

The most striking aspect of Clark and Russell's tome is the intriguing presentation of the 

materials. Each chapter is chock-full of very funny, yet appropriate cartoons in addition 

to standard illustrations of molecular processes. The authors give well-deserved credit to 

Karen Fiorino for translating their ideas into the several hundred clever cartoons through¬ 

out the book. The text is well-integrated with the multitude of cartoons and diagrams and 

written in a way that will be appealing to high school students, non-science college 

majors, and non-scientists as a whole. The authors were able to do this without watering 

down essential information. Furthermore, chemical structures and macromolecular 

aggregates are accurately presented. Some molecular biology techniques and phenomena, 

which even biology graduate students find difficult to grasp, are presented in a manner 

that facilitates understanding. 

Many chapters of Molecular Biology: Made Simple and Fun are able to stand alone. 

Achieving this was no small feat, considering the complexity of molecular biological 

processes. It is a credit to the authors, that they were able to take topics usually examined 

solely from a molecular or cellular perspective and relate them to whole organisms and 

populations. They did an excellent job of incorporating anecdotes and references from 

other arenas of human endeavor (history, religion, politics, law, philosophy, music), and 

skillfully used them to make points about particular molecular phenomena. Furthermore, 

they used these materials in a way that is irreverent but not mean spirited. 

The final two chapters of this edition are especially noteworthy. Chapter 27 presents an 

up-to-date synopsis of three recent advances in molecular biology, namely cloning of 

mammals, the genetics of obesity, and protein splicing. In addition. Chapter 28 provides 

a very helpful guide for interpreting the meaning of a seminar or article by a molecular 
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biologist. This last chapter should be required reading for all graduate students in 

molecular biology who are beginning to readjournal articles or attend seminars. 

Molecular Biology: Made Simple and Fun is a must reference book for all citizens inter¬ 

ested in gaining insight into molecular genetics and biotechnology. In light of the recent 

release of the human genome sequence information, the value of this book is now 

increased. This text is clearly suitable for use in college level biology courses for both 

non-majors and majors. The book's title is appropriate. Clark and Russell have put some 

"fun" into learning about molecular biology. 

Reviewer: Mark A. Erhart, Professor of Molecular Biology, Department of Biological 

Sciences, Chicago State University, Chicago, IL 60628. 
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ABSTRACT 

Descriptions are provided for 15 non-native taxa that are new to the flora of Illinois. A 

previous report of Phyllostachys aureus was misidentified and is corrected as P. aureo- 

sulcata. 

INTRODUCTION 

Continued botanical study of urban environments and abandoned homesites in southern 

Illinois has led to the discovery of 15 non-native taxa that are new to the flora. These 

taxa are considered naturalized in Illinois because they have established populations that 

have the potential to be self-sustaining (Swink and Wilhelm 1994). Mohlenbrock (1986) 

stated that approximately 30% of all plant species in Illinois are non-native, 10-15 new 

taxa are recorded for Illinois each year, and the majority of these new additions are non¬ 

native. Nomenclature for associated taxa follows Mohlenbrock (1986). Voucher speci¬ 

mens have been deposited either at the Illinois Natural History Survey Herbarium (ILLS) 

in Champaign-Urbana or in the author’s personal herbarium (mab). 

RESULTS AND DISCUSSION 

Akebia quinata (Houtt.) Decne. (Chocolate vine, five-leaf akebia, Lardizabalaceae): 

Jackson Co., IL, naturalized from an original planting at plant biology greenhouse on the 

Southern Illinois University campus, NW/4 Sec. 28 T9S R1W, 14 July 1999, M.A. Bas¬ 

inger 11973a (ILLS); Pope Co., IL, 0.75 mi south of IL 146 on the Bay City Road, E.F. 

Ulaszek, 2295, 2340, 2341 (ILLS); Pope Co., IL, is persistent and spreading over a large 

vacant lot in Golconda south of IL 146 on Bay City Road, 17 July 1999, M.A. Basinger 

11986a (ILLS). These collections represent the addition of a new family and genus to the 

Illinois flora. Associated species at these two sites were Acer saccharum Marsh., Albizia 

julibrissin Duraz., Ampelopsis cordata Michx., Cercis canadensis L., Elymus virginicus 

L., Euonymus fortunei (Turcz.) Hand.-Maz., Forsythia sp., Parthenocissus quinquefolia 

(L.) Planch., Sanicula canadensis L., and Toxicodendron radicans (L.) Kuntze. 

This species is a woody, high climbing vine to 10 m or more long that is native to east 

Asia. The plant has alternate, palmately compound leaves usually with five elliptic to 

obovate leaflets. The fragrant flowers are monoecious in axillary racemes and are a pur¬ 

plish color. The fruit is a purple-violet berry 6 to 13 cm long and is rarely produced in 



200 

the United States (Rehder 1940, Bailey 1949, Radford et al. 1968). The Plant Conserva¬ 

tion Alliance (2001) lists this species as an invasive vine in the eastern United States 

because of its rapid growth rate. 

Aphanes microcarpa (Boissier & Reuter) Rothm. (Roaceae): Hardin, Co., IL, is locally 

abundant at a scenic overlook of the Ohio River at Cave-in-Rock State Park, 12 June 

2000, M.A. Basinger 12255 (ILLS). Associated species were Cynodon dactylon (L.) 

Pers., Lepidium virginicum L., Myosotis stricta Link, Oxalis dillenii Jacq., Poa annua L., 

Sherardia arvensis L., and Trifolium repens L. 

This annual species is native to southern Europe and is distinguished by its small stature 

(usually less than 10 cm tall), trifid leaves with deeply three-lobed segments, and large 

stipules that are twice as long as the leaves. Flowers are borne within inflated stipules in 

axillary clusters of 3 to 7. Each flower has 4 sepals, 0 petals, 1 stamen, and 1 carpel. The 

fruit is an achene (Fernald 1950, Radford et al. 1968, Gleason and Cronquist 1991). Fer- 

nald (1950) and Radford et al. (1968) call this plant Achemilla microcarpa Boissier & 

Reuter and Gleason and Cronquist (1991) suggest that Aphanes is quite similar to 

Achemilla and is sometimes included in that genus. 

Buxus sempervirens L. (Boxwood, Buxaceae): Jackson Co., IL, is a rare and local small 

shrub that escaped into dry-mesic upland forest and adjacent pine plantation at Marberry 

Arboretum along Pleasant Hill Road in Carbondale, 12 September 1999, M.A. Basinger 

12114 (ILLS, mab). Associated species were Elephantopus carolinianus Willd., Liri- 

odendron tulipifera L., Parthenocissus quinquefolia, Phryma leptostachya L., Pinus 

echinata Mill., P. strobus L., Rehsonia sinensis (Sims) Stritch, Sanicula canadensis, and 

Toxicodendron radicans. 

Boxwood is a commonly cultivated shrub native to southern Europe, northern Africa, and 

western Asia that can grow to 10 m tall. It has opposite, elliptic to oblong leaves that are 

dark green above and yellow-green beneath. The leaves are broadest below the middle 

and have an obtuse or emarginate apex. Branches are usually quadrangular and slightly 

puberulent. Boxwood is monoecious with apetalous staminate and pistillate flowers in 

axillary clusters. Fruits are round, three-carpeled capsules with two seeds per carpel 

(Rehder 1940, Bailey 1949). 

Callicarpa dichotoma (Lour.) K. Koch (Asian beauty berry, Verbenaceae): Jackson Co., 

IL, is a rare small shrub that has escaped along the Thompson Lake footpath near the 

wooden foot bridge on the Southern Illinois University campus, Carbondale, Sec. 28 T9S 

R1W, 13 July 1999, M.A. Basinger 11972a (ILLS). Associated species were Acer 

rubrum L., Alliaria petiolata (Bieb.) Cavara & Grande, Cornus drummondii C.A. Mey., 

Corylus americana Walt., Cryptotaenia canadensis L., Impatiens capensis Meerb., Quer- 

cus imbricaria Michx., Sanicula canadensis, and Toxicodendron radicans. 

Asian beautyberry is native to China and Korea. It grows to 2 m tall and has opposite, 

elliptic to obovate leaves that are serrate in the upper half of the blade. The four-merous 

pink flowers are in cymes, and the violet fruits are two to four-seeded drupes (Rehder 

1940, Bailey 1949). 
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Care:k pendula Hudson (Drooping sedge, Cyperaceae): Jackson Co., IL, was originally 

planted but is now spreading and naturalized along an intermittent drainage in Thompson 

Woods on the Southern Illinois University campus, NE/4 NW/4 Sec. 28 T9S R1W, 27 

June 1999, M.A. Basinger 11960 (ILLS). Associated species were Acer negundo L., 

Aster simplex Willd., Betula nigra L., Cryptotaenia canadensis, Impatiens capensis, 

Lycopus virginicus L., Polygonum punctatum Ell., Sambucus canadensis L., Ulmus 

americana L., and Viburnum carlesii Hemsl. 

Drooping sedge is a clump-forming, perennial sedge that is found throughout Europe in 

damp woods and shaded ravines. Broad, keeled leaves from 1 to 2 cm wide characterize 

this species. The flowering culms have 4 to 5 green, pendulous pistillate spikes with a 

brownish male spike terminating the inflorescence. The scales subtending the perigynia 

are reddish-brown and oval-shaped with an acute tip (Polunin 1969). 

Corylus maxima Mill. (Filbert, Corylaceae): Jackson Co., IL, forms a large cluster of 

shrubs along margin of woodland adjacent to Thompson Lake Trail across from Stone 

Alumni Center (president’s residence) on the Southern Illinois University campus, 

Carbondale, Sec. 28 T9S R1W, 14 August 1999, M.A. Basinger 12091 (ILLS). Associ¬ 

ated species were Acer rubrum, Alliaria petiolata, Carex blanda Dewey, Carya ovata 

(Mill.) K. Koch, Lonicera japonica Thunb., L. maackii (Rupr.) Maxim, Osmorhiza long- 

istylis (Torrey) DC., Quercus imbricaria, and Toxicodendron radicans. 

Filbert is a colonial shrub native to eastern Europe and western Asia. The ovate to 

obovate leaves are similar to Corylus americana Walt, also having a slight cordate base, 

glandular-hairy petioles, and doubly serrate margin. The fruit is reminiscent of Corylus 

cornuta Marsh., with a pubescent, tubular involucre that surrounds the nut (Rehder 1940). 

Gingko biloba L. (Gingko, Gingkoaceae): Jackson Co., IL, occurs as two seedlings, from 

planted trees, in Thompson Woods on the Southern Illinois University campus, 

Carbondale, NE/4 NW/4 Sec. 28 T9S R1W, 29 May 1999, M.A. Basinger 11857 (ILLS); 

Union Co., IL, numerous seedlings are at an old homesite from planted trees at Union 

County Conservation Area. Associated species at these two sites were Acer saccharum, 

Corydalis flavula (Raf.) DC., Elaeagnus umbellata Thunb., Festuca arundinacea 

Schreb., Lamium amplexicaule L., L. purpureum L., Lonicera japonica, L. maackii, Toxi¬ 

codendron radicans, Vitis aestivalis Michx., and V. cinerea Engelm. 

This gymnosperm is native to eastern China but has been cultivated in the United States 

for over 200 years. This species can attain a height of 40 meters. Alternate, deciduous, 

fan-shaped leaves with dichotomous venation characterize this species. Leaves are pro¬ 

duced in clusters of three to five on spur shoots. Mature plants are dioecious, and the 

edible seeds of megasporangiate cones are covered with a fleshy aril that produces 

butyric acid, a foul-smelling chemical (Rehder 1940, Bailey 1949). 

Ligustrum sinense Lour. (Chinese privet, Oleaceae): Pope Co., IL, is locally abundant at 

forest edge at Ohio River Recreation Area approx. 2 mile north of Golconda off of IL 

146, 31 July 1998, M.A. Basinger and J. P. Shimp 11398 (ILLS); 17 July 1999, M.A. 

Basinger 1 1984 (ILLS); Jackson Co., IL., found along forest edge north of Lesar Law 

Building on the Southern Illinois University campus, Carbondale, 31 July 1999, M.A. 
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Basinger 12027. Associated species at these two sites were Ailanthus altissimus (Mill.) 

Swingle, Ampelopsis cordata, Celastrus orbiculatus Thunb., Elaeagnus umbellata, 

Lonicera japonica, L. maackii, Melothria pendula L., Rehsonia sinensis, Robinia pseu¬ 

doacacia L., Vinca major L., and Vitis spp. 

This privet is native to China and is quite similar to the common privet, Ligustrum vul- 

gare L., which is more common in Illinois (Mohlenbrock 1986, Swink and Wilhelm 

1994). Ligustrum sinense is characterized as a multi-stemmed shrub to 8 m tall with 

opposite, elliptic to oblong leaves that are pubescent on the main vein underneath. 

Young branches are densely pubescent. The flowers have pubescent calyx tubes. The 

white corolla tubes are shorter than their lobes, and the stamens are exserted. The black¬ 

ish drupes are usually one-seeded (Rehder 1940, Bailey 1949, Radford et al. 1968, Ran¬ 

dall and Marinelli 1996). Randall and Marinelli (1996) list a group of privet species, 

including Chinese privet, as invasive species due to their shade tolerance and prolific 

production of bird-dispersed fruit. 

Magnolia stellata (Sieb. & Zucc.) Maxim. (Star magnolia, Magnoliaceae): Jackson Co., 

IL, is rare, with only two shrubs in Thompson Woods on the Southern Illinois University 

campus, Carbondale, NE/4 NW/4 Sec. 28, T9S R1W, 29 May 1999, M.A. Basinger 

11980a (ILLS). Associated species were Acer negundo, A. saccharum, Euonymus for- 

tunei, Eupatorium rugosum Houtt., Fagus grandifolia Ehrh., Juniperus virginiana L., 

Lonicera japonica, L. maackii, Morus alba L., Parthenocissus quinquefolia, Quercus 

falcata Michx., Q. velutina Lam., and Toxicodendron radicans. 

Star magnolia is native to Japan and is commonly planted as an ornamental in Illinois. 

This species is flowers before the leaves appear, and the flowers have linear to oblong 

sepals and petals that are both white and fragrant. The leaves are alternate and elliptic to 

obovate. The cone-like fruit is an aggregate of follicles approximately 5 cm long (Rehder 

1940, Bailey 1949). 

Mahonia bealei Thunb. (Beal’s mahonia, Berberidaceae): Jackson Co., IL, is naturalized 

in dry-mesic upland forest from homesite plantings at Marberry Arboretum off of Pleas¬ 

ant Hill Road, Carbondale, 12 September 1999, M.A. Basinger 12113 (ILLS); Jackson 

Co., IL, grows infrequently in dry-mesic upland forest at an old nursery site on Shawnee 

National Forest adjacent to Stone Creek Golf Club in Makanda, 27 February 2000, M.A. 

Basinger 12175 (ILLS). Associated species at these two sites were Acer campestre L., A. 

saccharum, Elephantopus carolinianus, Elymus virginicus, Eupatorium rugosum, Hedera 

helix L., Phryma leptostachya, Phyllostachys aureosulcata McClure, Quercus alba L., Q. 

velutina, Rehsonia sinensis, Sanicula canadensis, Sasa palmata (Bean) Nakai, Taxus 

cuspidata Sieb. & Zucc., Toxicodendron radicans, and Ulmus alata Michx.. 

Beal’s mahonia is shrub native to China that grows to 4 m tall. It has pinnately com¬ 

pound leaves with 9 to 15 leaflets, yellow-green above, and glaucous below with 1 to 6 

spinose teeth on each side of the leaflets. The lowest pair of leaflets is highly reduced in 

size compared to the others and is attached very close to the base of the petiole, making 

the leaf appear sessile. This species is similar to Mahonia aquifolium (Pursh) Nutt., 

which is native to western North America, and M. japonica (Thunb.) DC., which is native 

to Japan. M. aquifolium has between 5 to 9 leaflets, each with more than 10 teeth on each 
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side. M. japonica has 9 to 15 leaflets that are yellow-green below. Large ovate and acu¬ 

minate bracts subtend its flowers. 

Parietaria officinalis L. (Erect Pellitory-of-the-wall, Urticaceae): Jackson Co., IL, is rare 

with only two plants in dry-mesic upland forest in Thompson Woods on the Southern 

Illinois University campus, Carbondale, NE/4 NW/4 Sec. 28 T9S R1W, 6 June 1999, 

M.A. Basinger 11920a (ILLS). Associated species were Bromus pubescens Muhl., Elv- 

mus virginicus, Euonymus fortunei, Lonicera japonica, L. maackii, Prunus serotina 

Ehrh., Sambucus canadensis, Ulmus alata, and U. americana. 

Erect Pellitory is native to southeast Europe where it is found in a variety of habitats such 

as roadsides, forest edges, and cracks in rock walls. This species is a perennial with sim¬ 

ple to few branched stems to 1 m tall. Leaves are oval, cuneate at the base and long acu¬ 

minate at the apex. The inflorescence is comprised of a large number of green axillary 

flowers that are much shorter in length than the petioles (Polunin 1969). 

Phyllostachys aureosulcata McClure (Yellow groove bamboo, Poaceae): Jackson Co., 

IL, is vegetatively spreading from an old homesite into dry-mesic upland forest at Mar- 

berry Arboretum in Carbondale along Pleasant Hill Road, 28 June 1998, M.A. Basinger 

11347. 

This bamboo was previously misidentified in Basinger (1999) as Phyllostachys aureus 

(Carr.) Riv. , which is referred to as P. aurea by Young and Haun (1961). Rehder (1940) 

does not reference P. aureosulcata in the key or text. Eric Ulaszek (pers. comm.) has 

determined that most specimens in the 13 southernmost counties of Illinois around old 

homesites are not P. aurea but are P. aureosulcata. Its distinguishing features are the 

yellow sulcus on internodes of young shoots, scabrous internodes on young shoots, and 

culms that occasionally have a zigzag growth pattern (Young and Haun 1961). 

Sasa palmata (Bean) Nakai (Small bamboo, Poaceae): Jackson Co., IL, rare woody grass 

naturalized in dry-mesic upland forest at Marberry Arboretum along Pleasant Hill Road, 

Carbondale, 12 September 1999, M.A. Basinger 12115. Associated species were Acer 

campestre, A. saccharum, Hedera helix, Mahonia bealei, Phyllostachys aureosulcata, 

Quercus velutina, Rehsonia sinensis, and Toxicodendron radicans. 

This bamboo is native to Japan and is usually less than 2 m tall. The purplish stems have 

strongly reticulate leaf sheaths that are covered with round spots. Leaves are lanceolate 

and are bright green above and glaucous below. They are crowded at the tops of 

branches due to a series of short internodes (Rehder 1940, Bailey 1949). 

Taxus cuspidata Sieb. & Zucc. (Japanese yew, Taxaceae): Jackson Co., IL, is rare, only 

seedlings were observed in dry-mesic upland forest, Thompson Woods, on the Southern 

Illinois University campus, NE/4 NW/4 Sec. 28 T9S R1W, 27 June 1999, M.A. Basinger 

11969 (ILLS); Jackson Co., IL, is rare as seedlings in dry-mesic upland forest (Shawnee 

National Forest property) adjacent to Stone Creek Golf Club along US 51 in Makanda, 27 

February 2000, M.A. Basinger 12176 (ILLS). Associated species at these two sites were 

Acer saccharum, Aesculus pavia L., Aralia spinosa L., Hibiscus syriacus L., Ligustrum 
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vulgar e L., Lonicera japonica, L. maackii, Mahonia bealei, Quercus alba, Q. velutina. 

Toxicodendron radicans, and Ulmus alata. 

Japanese yew is an evergreen shrub native to Japan and Korea and is a commonly planted 

ornamental shrub in Illinois. It grows to 16 m tall. The spirally arranged linear leaves 

have apiculate tips. Winter buds are covered with keeled scales. Plants are dioecious 

with the female plants appearing conspicuous when they form seeds that are partially 

covered by cup-shaped, red, fleshy arils (Rehder 1940, Bailey 1949). 

Viburnum carlesii Hemsl. (Caprifoliaceae): Jackson Co., IL, is rare, only two shrubs 

were found along intermittent drainage in Thompson Woods on the Southern Illinois 

University campus, Carbondale, NE/4 NW/4 Sec. 28 T9S R1W, 29 May 1999, M.A. 

Basinger 11856 (ILLS). Associated species were Acer negundo, Aster simplex, Betula 

nigra, Carex pendula, Cryptotaenia canadensis, Impatiens capensis, Lycopus virginicus, 

Polygonum punctatum, Sambucus canadensis, and Ulmus americana. 

This species is a deciduous shrub native to Korea and is a commonly planted ornamental 

shrub in Illinois. It grows to 1.5 m tall. Leaves are ovate to oval with dentate margins, 

each secondary leaf vein ends at a tooth, and both leaf surfaces are densely stellate 

pubescent. Young branches are also densely stellate-tomentose and the winter buds lack 

bud scales. The cymose inflorescence is densely stellate-tomentose. The whitish-pink 

flowers have a cylindrical corolla tube up to 1 cm long. The fruit is a bluish-black, one- 

seeded drupe (Rehder 1940, Bailey 1949). 

Viburnum rhytidophyllum Hemsl. (Caprifoliaceae): Jackson Co., IL, is rare, only two 

shrubs were found in Thompson Woods (one near the Student Center, the other near the 

Agriculture Building) on the Southern Illinois University campus, Carbondale, NE/4 

NW/4 Sec. 28 T9S R1W, 27 June 1999, M.A. Basinger 11968 (ILLS). Associated spe¬ 

cies were Acer saccharum, Claytonia virginica L., Cornus florida L., Daucus carota L., 

Melilotus officinalis (L.) Pallas, Quercus velutina, Taxus cuspidata, and Toxicodendron 

radicans. 

This species is an evergreen shrub native to China and is a frequently planted ornamental 

in Illinois. It grows to 5 m tall. Leaves are opposite with entire margins and are dark 

green above and gray to yellow-brown and densely tomentose below. The upper leaf 

surface is rugose while the lower leaf surface is reticulate. Young branches are also cov¬ 

ered with stellate-tomentose trichomes. Flowers are yellow-white in cymes that are 

formed during autumn and persist until flowering in spring. The fruit is a one-seeded 

drupe that is initially red but matures to black (Rehder 1940, Bailey 1949). 
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ABSTRACT 

Of the 30-plus species of Orchidaceae known from Illinois, only two were reported for 

Madison County by recent editions of the Illinois Natural History Survey’s (INHS) Illi¬ 

nois Plant Information Network (ILPIN): Platanthera (=Habenaria) leucophaea (Nutt.) 

Lindl. and Spiranthes magnicamporum Sheviak. Six additional species — Corallorhiza 

odontorhiza (Willd.) Nutt., C. wisteriana Conrad, Liparis liliifolia (L.) Rich, ex Lindl., 

Spiranthes lacera (Raf.) Raf., S. ovalis Lindl., and S. vernalis Englem. and Gray - are 

presented as new records for Madison County, Illinois. This brings the published flora of 

Orchidaceae from Madison County to eight species. A summary of information on col¬ 

lections of Orchidaceae, both recent and historical, from Madison County is provided. 

INTRODUCTION 

While exploring the vegetation and flora of Madison County, Illinois during the 1980s 

and 1990s, I learned that some of the locally occurring species of Orchidaceae were not 

recorded for the county in the most recent literature (Sheviak, 1974; Mohlenbrock and 

Ladd, 1978). According to the Illinois Natural History Survey’s Illinois Plant Informa¬ 

tion Network (ILPIN) database (ILPIN, 1993) and to the publications of Sheviak and 

Mohlenbrock and Ladd, only two species from the family Orchidaceae — Platanthera 

(=Habenaria) leucophaea (Nutt.) Lindl. and Spiranthes magnicamporum Sheviak - were 

known in the documented flora of Madison County. In fact, the former species was only 

known from the county from collections made in the 19th century. Thus, I initiated an 

effort to document Orchidaceae species not yet recorded for the county. 

MATERIALS AND METHODS 

During field trips from 1984 to 1999, I took detailed notes of Orchidaceae species when¬ 

ever I encountered them in Madison County, Illinois. Identifications were made using 

Mohlenbrock (1975), Sheviak (1974), Steyermark (1963), and Summers (1987). The 

INHS’s ILPIN data, Mohlenbrock and Ladd (1978), and Sheviak (1974) were consulted 

to determine if the species represented a county record. Voucher specimens representing 

county records were collected and deposited in either the INHS (ILLS) or Missouri 

Botanical Garden herbaria (MO). 
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Nomenclature of the species treated below follows Summers (1996). 

RESULTS 

Additions 
Corallorhiza odontorhiza (Willd.) Nutt., Fall coral root orchid. Southern Illinois Univer¬ 

sity - Edwardsville’s Supporting Services complex, southeast of the main campus, early 

successional woods, K. W. Lynn, collection no. 4236634, October 1, 1992, (MO). I 

originally found this orchid at this site on October 1, 1984. Two specimens were col¬ 

lected at that time for deposit to the Southern Illinois University - Edwardsville herbar¬ 

ium (SIUE); however, both specimens are now missing. The number of individual stems 

varied considerably at this site from a low of four in 1988 to a high of 80 in 1989. I 

counted a total of 281 stems at this site from 1984 to 1993. 

Corallorhiza wisteriana Conrad, Wister’s (early) coral root orchid. Southern Illinois Uni¬ 

versity - Edwardsville campus, D. Thompson, May 13, 1963, (ILLS [transferred from 

SIUE]), May 1964 (SIUE), May 1965 (SIUE). None of these collections were reported 

by Mohlenbrock and Ladd (1978), Sheviak (1974), nor the ILPIN. 

C. wisteriana was more recently reported (Thompson, 1981): Olin Natural Area, north¬ 

west of Alton, IL, sunny exposures of xeric wooded uplands, including the wooded, 

steep, and well-drained slopes, D. L. Thompson, spring 1976. Specimens deposited at 

SIUE, subsequently destroyed (neglect); and Olin Natural Area, same habitat, J. D. 

Lynn, April 29, 1995, (ILLS). Mr. J. D. Lynn and I visited the site a couple of years later 

but we were unable to find any additional specimens. 

Liparis liliifolia (L.) Rich, ex Lindl., Large twayblade orchid. Near Moro, old field 

divided by electric transmission line right-of-way, no collection made. This species was 

found by William Elzinga in May, 1986 (Environmental Science and Engineering (ESE), 

1988). Though no voucher specimen was collected, the identification should be consid¬ 

ered valid since it was made by experienced field botany professionals. 

Spiranthes lacera (Raf.) Raf., Slender ladies’ tresses orchid. Southern Illinois University 

- Edwardsville, northwest of main campus, old field on the loess bluff top bordering the 

American Bottoms, K. W. Lynn, October 3, 1992 (MO). This species was first found in 

Madison County by J. D. Lynn on September 19, 1984, in an old field on the loess bluff- 

top, northwest of the Southern Illinois University - Edwardsville campus. A total of 30 

individuals were counted at this site by Mr. Lynn and me at that time. Four were variety 

S. 1. gracilis (Bigel.) Luer, while 26 were variety S. /. lacera. A collection was made of 

both varieties for deposit (SIUE). Both specimens are now missing. In subsequent years, 

the site became progressively overgrown with Rubus L. spp. (brambles), Robinia pseu¬ 

doacacia L. (black locust), and Cornus drummondi Meyer (rough-leaved dogwood), and 

by 1987 I could only find one stem of S. lacera at the site; by 1991, none were observed. 

At that time, it was nearly impossible to maneuver through the undergrowth. On Octo¬ 

ber 3, 1992, however, I was able to find a single specimen growing in a densely shaded 

spot at the site. 
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I also observed a single individual of S. /. lacera at the Block House hill prairie (Evers, 

1955) in Glen Carbon on September 8, 1993. The site was destroyed in 1995 when the 

bluff dirt was removed for use as fill at a nearby interstate highway project. 

Spiranthes ovalis Lindl., Oval ladies’ tresses orchid. Southern Illinois University - 

Edwardsville, northwest of main campus, densely overgrown old field on the loess bluff 

top bordering the American Bottoms (the same site where S. lacera had originally been 

found), K. W. Lynn, collection no. 4228737, September 17, 1991 (MO). I counted a total 

of 12 individuals at the time I made the collection. The following year, four were counted 

at the site; in 1993, five were observed. 

S. ovalis has been more recently found: at a small hill prairie east of the Nativity of the 

Virgin Mary Orthodox Cemetery in Glen Carbon (no collection made). I found a single 

S. ovalis at this site on September 11, 1992. It could not be found the following year. 

Also: at a wooded disturbed site in Glen Carbon, K. W. Lynn, September 28, 1997 

(ILLS). I counted 41 S. ovalis at this site at the time the collection was made. Nineteen 

were counted at the site the following year; in 1999, only 11 were seen. 

Spiranthes vernalis Englem. and Gray, Spring ladies’ tresses orchid. Near the hamlet of 

Poag, a remnant, wet tallgrass railroad prairie, J. D. Lynn and J. Schwegman, collection 

no. 3245517, July 14, 1985 (MO [now at SIUC - collection no. 75596]). This species was 

originally found in 1983 or 1984 by a Southern Illinois University - Edwardsville Field 

Botany class led by Dr. Frank Kulfinski (William Elzinga, pers. comm.). The number of 

individuals at the site has varied considerably from year to year. In 1985, the collectors 

noted “at least 50.” In 1991, I counted only 10 at the site, and only five in 1992. The 

following year, 56 were counted, while in 1994, only two were found. In 1996 I counted 

12 , and in 1997, eight were observed. S. vernalis is listed as “endangered” in Illinois 

(Herkert, 1991). 

Existing records 

Platanthera (=Habenaria) leucophaea (Nutt.) Lindl., Eastern prairie white-fringed 

orchid. Near the hamlet of Poag, “wet prairies”, H. Eggert, June 17 and 22, 1878 (AMES 

[1], G. Romero, pers. comm.; MO [4], G. Yatskievych, pers. comm.). No collections or 

reports of this species have been recorded in the 20th century from Madison County; 

undoubtedly, it has been extirpated from the county, most likely due to destruction of its 

preferred habitat (i.e., wet prairies). I and others have searched a remnant wet tallgrass 

railroad prairie near the hamlet of Poag in recent years with no success. In 1999, much of 

this remnant was destroyed for industrial development. This species is currently listed as 

“endangered” in Illinois (Herkert, 1991). 

Spiranthes magnicamporum Sheviak, Great plains ladies’ tresses orchid. Two miles 

north of Collinsville, hill prairie, R. A. Evers, collection no. 145134, September 27, 1972 

(ILLS (L. R. Phillippe, pers. comm.). This specimen was originally identified as S. cer- 

nua (L.) Rich., but was annotated in 1973 by C. Sheviak as S. magnicamporum (Sheviak 

1974). I have observed this species at the following locations in Madison County: 
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1) Block House hill prairie (Evers, 1955) in Glen Carbon. I counted 10 stems at 

this site in 1989. The site was destroyed in 1995 when the bluff dirt was 

removed for use as fill at a nearby interstate highway project. 

2) A small hill prairie near the intersection of Interstate 270 and state highway 

157 in Glen Carbon. Fourteen was the highest number of stems I counted at 

this site (in 1984). 

3) A small hill prairie located west of the main campus at Southern Illinois Uni¬ 

versity - Edwardsville. The highest number of individuals I counted at this 

site was 18 in 1985. 

4) A lightly wooded area near the intersection of Bluff Road and state highway 

157, Glen Carbon. J. D. Lynn and I counted 51 specimens at this site on 

September 29, 1984. None were observed after 1989; the site became pro¬ 

gressively overgrown and presumably less hospitable after 1984. 

5) A small hill prairie east of the Nativity of the Virgin Mary Orthodox Ceme¬ 

tery, near the intersection of Interstate 270 and state highway 157 in Glen 

Carbon. On September 11, 1992,1 counted 49 specimens at this site. 

In total, I counted 299 specimens of S. magnicamporum at these five sites during the ten- 

year period 1984-1993. All of these locations are on the loess bluff-top bordering the 

American Bottoms. 

DISCUSSION 

Madison County, Illinois, includes a wide variety of habitats, including limestone and 

loess bluff, sand terrace, bottomland, hill prairie, oak-hickory woods, stream border, and 

disturbed sites, to name a few. Although it has been significantly altered as a result of 

agricultural, industrial, and residential developments, some remnants of these habitats 

remain. The list of orchids above should by no means be considered complete. It should 

be expected that additional species of Orchidaceae will be found in the county as field 

efforts continue. 

Based on the preferred habitat and former and current distributions of species described 

in Sheviak (1974), and habitats that currently exist in Madison County, following is a list 

of Orchidaceae that could be expected to occur in the county: 

Aplectrum hyemale (Muhl. ex Willd.) Torr., Adam and Eve orchid. This species has been 

collected from nearby St. Clair and Macoupin counties, and prefers undisturbed, rich, 

mesic woods along streams on loess-derived soils. 

Cypripedium calceolus L. var. pubescens (Willd.) Correll, Large yellow lady slipper 

orchid. Collected from nearby St. Clair, Jersey, and Bond counties, from a variety of 

mesic, upland woodlands with sparse canopies on silt loam soils. 
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Cypripedium candidum Muhl. ex Willd., Small white lady slipper. This species has been 

collected from nearby St. Clair and Macoupin counties, and the “American Bottoms.” 

Prefers undisturbed, low prairies on calcareous alluvial deposits. 

Galearis (=Orchis) spectabilis (L.) Raf., Showy orchis. This species has been collected 

from nearby St. Clair and Macoupin counties, and prefers disturbed woodlands (oak- 

hickory). 

Hexalectris spicata (Walt.) Barnh., Crested coral root. Collected from calcareous loess 

hill prairies on limestone bluffs in nearby Monroe and Randolph counties. 

Platanthera (=Habenaria) flava var. herbiola (R. Br.) Luer, Pale green orchid. Col¬ 

lected from sand deposits throughout the state of Illinois, including nearby St. Clair 

County. 

Platanthera (-Habenaria) leucophaea (Nutt.) Lindl., Eastern prairie white-fringed 

orchid. Although previously known from Madison County, this species has no doubt 

been extirpated from the county (see earlier treatment in Results section above); Bowles 

et. al. (1992) reported that P. leucophaea had extant populations in only eight counties in 

Illinois, none in close proximity to Madison County. Nevertheless, this species could 

possibly turn up at the remnant railroad wet prairie near Poag (near its last collection site 

in 1878), perhaps if the site were burned (P. leucophaea is known to respond to fire) 

(Sheviak, 1974). 
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ABSTRACT 

slinky, a novel enhancer trap pattern, located on the third chromosome in region 71B, has 

been identified and described in this study. The slinky pattern is expressed both in the 

ectodermal portion of the muscle attachments to the epidermis and in the peripheral nerv ¬ 

ous system, which are ectodermal in origin. Based on its expression pattern, the gene 

associated with the slinky pattern may be involved in axon guidance and muscle precur¬ 

sor cell guidance to their attachment site on the epidermis. In this study as well as 

numerous others, P-elements have been very useful in identifying new genes. 

INTRODUCTION 

Model organisms, such as Drosophila melanogaster, are particularly useful in studying 

developmentally regulated genes for many reasons. One of these reasons is that the Dro¬ 

sophila genome is very well characterized; there have been classical genetic screens car¬ 

ried out in the past 20 years, that have identified potentially all genes that are develop¬ 

mentally important (Cans et al., 1975; Niisslein-Volhard and Wiechaus, 1980). The use 

of P-elements in enhancer trap screens has also been very useful in identifying many 

genes based on their expression pattern (Bellen et al., 1989; Wilson et al., 1989). There 

are also techniques that allow for controlled misexpression of genes that may help to 

define gene function (Brand and Perrimon, 1993). These techniques have allowed 

researchers to find genes that help to determine the developmental processes that allow 

the Drosophila egg to go from a single cell to a fully functioning adult. Another reason 

that using Drosophila as a model system has proven so useful is that many genes found in 

Drosophila have vertebrate homologues (Gehring and Hiromi, 1986; Adams et al., 

2000) and may aid in the understanding of similar processes in more complex eukaryotes. 

The rapidly growing amount of information that we have about developmentally regu¬ 

lated genes of model organisms may bring us to an era that allows one to determine the 
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biological function of genes simply by looking at sequence data (Miklos and Rubin, 

1996). 

This study describes an enhancer trap pattern that has been found in multiple lines of flies 

and we believe is associated with a novel gene. This novel enhancer trap pattern, that we 

have called slinky, drives LacZ expression in the apodemes, which are cells at the sites of 

muscle attachments, and peripheral nervous system (PNS). Both of these cells types are 

ectodermal in origin. It has been suggested that the interaction between early muscle 

precursors and the epidermis is important in defining the muscle attachment sites and 

play a key role in the patterning of somatic muscles (Callahan et al., 1996). 

A few other genes have been identified which are expressed in the apodemes. These 

include genes that code for cell adhesion proteins like the PS integrins (Bogaert et al., 

1987) and the basement membrane glycoprotein glutactin (Olson et al., 1990). Other 

apodeme expressed proteins, like the Drosophila homologue of the epidermal growth 

factor receptor, DER/flb, have a role in cell-cell communication (Zak et al., 1990). One 

of the redundant enhancer elements associated with fil tubulin, also drives expression in 

the apodemes (Buttgereit et al., 1991; Buttgereit, 1993). The receptor tyrosine kinase, 

derailed, is expressed in the PNS and in the apodemes which is very similar to the 

expression pattern of slinky (Callahan et al., 1996). 

Many of the previously mentioned genes as well as numerous other genes have been 

found through the use of P-element based enhancer detectors (enhancer traps). Enhancer 

traps identify segments of the genome that can serve as gene regulatory elements. 

Essentially, enhancers are transcription factor binding sites that can activate a basal pro¬ 

moter. In the case of an enhancer trap, the basal promoter is driving a marker gene like 

LacZ. The enhancer trap thus reflects the regulation of gene expression conferred by 

nearby enhancers. P-element mediated enhancer detector screens have served as an effi¬ 

cient way of identifying genes based primarily on their expression patterns. These 

screens have also been helpful in the rapid analysis of developmentally regulated gene 

expression patterns at the genetic and molecular level (Wilson et al; 1989; Bellen et al., 

1989). Enhancer trap screens can often provide information about the spatial and tempo¬ 

ral expression of genes and may give some indication to particular gene functions. The 

use of P-elements may also facilitate cloning of any selected gene that is of particular 

interest (Wilson et al., 1989). P-element screens have also been used to generate a muta¬ 

tion of a specific gene. If a P-element is transposed into the open reading frame of a gene 

or interrupts the effectiveness of one of the regulatory elements of the gene, the gene may 

be effectively disrupted. Mutations may also be generated if a P-element is located near a 

gene or a regulatory region of a gene and the P-element is imprecisely excised. If some 

of the flanking DNA that has been excised is part of the gene or regulatory region of a 

gene, then a mutation will result. 

The line of flies analyzed in this study was generated during a mutagenesis screen that 

was looking for a female sterile mutation in the dropout gene (Galewsky and Schulz, 

1992). The original mutagenesis scheme made use of the P-LacW transposon insertion 

line B204. This transposon has been mapped to chromosome region 71 D1-D2 (Flybase, 

1994). The location of the P-element in the B204 strain allowed us to take advantage of 

preferential transposition of P-elements to nearby chromosomal sites (Tower et al., 1993). 
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This phenomenon, known as “local hop” transposition, is associated with P-element 

duplication events, and allowed us to look for mutations and pattern elements strictly in 

the 71 region. 

The P-element was mobilized by the stable transposase source A2-3 (Robertson et al., 

1988). The P-LacW transposon contains the LacZ gene enhancer detector system, bacte¬ 

rial plasmid sequences for rapid genomic cloning, and the eye color gene White for con¬ 

venient scoring of insertions. The dosage sensitive nature of the White gene makes it 

possible to look at eye color as an indication of transposon duplication as well as a loss of 

a P-element. 

An advantage of using the P-LacW transposon in the B204 fly line is its ability to func¬ 

tion as an enhancer pattern detector. Expression of the LacZ gene in the transposon is 

driven by a minimal promoter. In the presence of a genomic enhancer near the site of 

transposon insertion, this marker gene is expressed at high levels in an enhancer specific 

manner. The B204 insertion shows LacZ expression primarily in the salivary glands and 

proventriculus relatively late during embryonic development. Since the local insertion 

phenomenon is associated with a duplication of the P-element, new patterns are easy to 

detect along with the simple B204 expression pattern in the background. 

Because the line of flies that is being analyzed in this study was the product of a P-ele- 

ment duplication event, the flies express the B204 staining pattern as well as the expres¬ 

sion pattern that we have called slinky. To facilitate analysis of the slinky pattern, a P- 

element excision screen was performed to transpose out the B204 P-element. This gener¬ 

ated a line of flies with the single P-element associated with the slinky expression pattern. 

Generating a single P-element line makes cloning the gene associated with the slinky 

enhancer pattern easier. The LacZ expression pattern of slinky suggests that it is associ¬ 

ated with a gene expressed in developing ectoderm, muscle attachment sites, the chordo- 

tonal sense organs and other PNS components. In this study we have performed double 

antibody stains in order to determine whether slinky is being expressed in the PNS. We 

have also begun mutant analysis on a line of flies that show recessive lethality that is 

associated with the slinky P-element. 

MATERIALS AND METHODS 

Flies 
Flies were raised on standard cornmeal agar food at 20°C. All fly stocks used were 

transferred weekly. Unless noted, all stocks used are described in Lindsley and Zimm 

(1992). slinky645 was generated from a P-element transposition screen in which a series 

of local hops were made from an initial P-element enhancer trap line called B204 P-lacW. 

The original B204 transposon has been mapped previously to chromosome region 71 Dl- 

D2 and is inserted in the control region for CrebA (Smolik-Utlaut et al., 1992). The B204 

P-element was mobilized by the stable transposase source, A2-3,Ki. Insertions were 

maintained as heterozygotes balanced over either TM3,Sb or TM6B,Tb (Figure 1). 

Staining for LacZ Expression 
Embryos were dechorionated in undiluted household strength bleach, rinsed with water, 

and placed into a 1:1 mixture of heptane and 4% paraformaldehyde in l x PBS (phosphate 
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buffered saline: 130 mM NaCl, 7 mM Na:HP04-2H20, 3 mM NaH2P04-2H20, pH 7.2) 

for 15-45 min. Embryos were then washed with lx PBT (phosphate buffered saline with 

0.1% Tween-20) and incubated overnight in 0.2% 5-bromo-4-chloro-3-indolyl-B-D- 

galactopyranoside (XGal) in FeNaP buffer (10 mM Na phosphate pH 7.2, 3.1 mM 

K2(Fe|II|(CN]6), 3.1 mM K3(Fe|IIIj[CN)6), 150 mM NaCl, 1.0 mM MgCl2) according to 

standard protocols (Ashburner, 1989). 

Generating the slinky645 Single P-element Line 

slinky645 arose from a duplication of the B204 P-element. To facilitate further analysis of 

this line, we removed the original B204 P-element generating a line of flies that carried 

only the slinky P-element. This was accomplished by crossing slinky645 with the trans- 

posase stock, A2-3. After removing the A2-3 transposase chromosome in the next gen¬ 

eration, single fly lines were established. The flies selected had a reduced eye color, 

indicating the potential loss of one of the P-elements. Embryos were collected from the 

new lines, stained for LacZ expression and scored for expression of the slinky LacZ 

expression pattern, and the absence of the B204 expression pattern (Figure 2). 

Antibody Staining 

Embryos were dechorionated in 100% bleach, rinsed with water, and placed into a 1:1 

mixture of heptane and 4% paraformaldehyde in lx PBS for 30-60 minutes. The para¬ 

formaldehyde was removed and replaced with methanol to devitellinize the embryos. 

The embryos were washed twice with methanol and twice with ethanol. The embryos 

were then rehydrated in a 1:1 mixture of PBT and ethanol followed by three washes with 

PBT. The embryos were then blocked with 5% fetal calf serum in PBT for 60 minutes. 

The embryos were subsequently incubated overnight at 4°C in primary antibody (anti- 

Bgal 1:500; 22C10 1:50). After three PBT washes the embryos were incubated in 

enzyme conjugated secondary antibody (1:300) for 60 minutes at 4°C. The embryos 

were washed five times in PBT and then the appropriate enzymatic treatment was per¬ 

formed. 

Embryos were photographed with a Zeiss Photomicroscope III (lOx objective na 0.25) 

using Kodak Gold 400 film. Negatives were scanned into a Power Macintosh 7100 and 

manipulated using Adobe Photoshop. 

Mutant Analysis 

One of our single P-element lines of flies, slinky645k, was found to be homozygous lethal. 

It is possible that the P-element localized to the open reading frame or regulatory region 

of the gene associated with the enhancer trap pattern. To insure that the mutation is asso¬ 

ciated with the slinky P-element we crossed slinky6451" flies to Df(3L)fzm21 that have a defi¬ 
ciency in the region 70D-71E. 

In order to determine the stage of lethality for slinky6451" flies, 500 embryos from slinky6451" 

back crosses, slinky645k flies crossed to Df(3L)fzm21 flies or control crosses were placed 

on a grape agar plate and the number of eggs that hatched into larvae were counted. For 

some crosses, the larvae were left on the plate and the number of larvae that pupated were 
also counted. 



217 

RESULTS 

Original P-element Screen 

The line of flies that we have been working on, slinky645, was generated during a P-ele¬ 

ment mutagenesis screen looking for a mutation in the gene dropout (Figure 1). The 

screen was conducted by making a series of local hops with the intention of localizing a 

second P-element into the dropout gene. It has been demonstrated that local transposition 

events often arise through a P-element duplication event (Tower et al., 1993). This is in 

contrast to an excision and re-integration event. Fortunately, the White gene is dosage 

sensitive, thus two copies of a P-element in the genome give rise to stronger red eye color 

making duplication events identifiable. Additionally, the original P-element line, B204, 

shows relatively weak White expression. Thus, P-element duplication was scored as 

those males that showed an increase in White expression (stronger red eye color). The 

slinky pattern was found 15 times out of the 802 lines that were generated during this 

screen. 

High Resolution Analysis of the slinky Expression Pattern 

The slinky expression pattern is shown in Figure 3. Earliest LacZ expression is seen in 

segmental patches during late germ band extension (Figure 3A). Expression is restricted 

to clusters of cells in the abdominal segments. This pattern suggests that expression is 

initially localized to the developing ectoderm because staining never crosses the ventral 

midline (Figure 3B). Expression in the segmental patches remains strong until after germ 

band retraction begins. During germ band retraction, the expression becomes localized to 

the intersegmental regions of the ectoderm (Figure 3C). At this point in development, 

expression appears to be localized to the attachment sites of muscles to the body wall. 

These attachment points, called apodemes, are infoldings of the ectoderm (Bate, 1993). 

Expression remains strong in these intersegmental regions through the dorsal closure 

stage. A small cluster of cells in each segment, ventral to intersegmental staining, begins 

to show LacZ expression during the late stages of germ band extension. This specific cell 

staining pattern is consistent with cells of the chordotonal organs. Some expression is 

also seen in the developing head segments (Figure 3D). 

Generation of a Single P-element Insertion Line 

For higher resolution of the expression pattern, embryos were also stained with anti- 

BGalactosidase (anti-BGal). Because slinky645 was generated by a P-element duplication 

event, the original line contained both the B204 P-element and the P-element associated 

with the slinky pattern (Figure 4A). Staining is seen in the salivary glands and in the 

amnioserosa, which is driven by the B204 

P-element, as well as in the apodemes and PNS which is driven by the slinky P-element. 

To better analyze the slinky pattern, the original B204 P-element was transposed out of 

one of our double P-element lines, slinky645, leaving a single P-element line that we have 

named slinky645k (Figure 4B). Staining is no longer seen in the salivary glands or in the 

amnioserosa, but there is staining in the apodemes and in the PNS. 

To determine the location of some of the P-elements we have been working on, polytene 

chromosomal in situ hybridizations were performed. Chromosomal localization of the P- 

elements in the slinky645 line show two distinct sites of hybridization in polytene region 

71. In situ hybridization using a LacZ probe on slinky6451" polytene chromosomes show a 
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single hybridization in the region 71B (data not shown). The B204 P-element has been 

mapped to chromosome region 71 D1-D2 (Flybase, 1994). 

Colocalization of the slinky Expression Pattern 

In order to localize the staining pattern of slinky, a series of antibody stains were carried 

out. Some embryos were stained with 22C10 which is an antibody that is specific for an 

antigen that is located on the membranes of all cells in the PNS. This staining pattern was 

compared to the slinky staining pattern (Figure 5). The cluster of cells that are staining in 

chordotonal organs of the PNS in the 22C10-stained embryos (Figure 5A) seem to be the 

same cells as those in the slinky645* embryos stained with anti-BGal (Figure 5B). To con¬ 

firm this observation, slinky645 embryos were double-stained with anti-BGal and 22C10. 

A subset of cells in the embryo, that presumably are the chordotonal organs of the 

peripheral nervous system, stained with both antibodies (data not shown). 

Analysis of a Recessive Lethal Mutation Associated with the slinky P-element 

One of the fly lines containing a slinky associated P-element, slinky6451*, was found to be 

homozygous lethal. Lethality was associated with the P-element insertion by crossing 

slinky6451* flies to flies with a deficiency in the same region, Df(3L)fzm21. The slinky6451* P- 

element is located in region 71B and the deficiency in Df(3L)fzm21 spans the region 70D- 

71E. There were not any viable progeny that contained both the slinky6451* chromosome 3 

and the Df(3L)fzm21 chromosome 3. 

To determine the stage of lethality of slinkyM5k, egg and pupal case counts were per¬ 

formed. Ninety-eight percent of the slinky6451* embryos hatched into first instar larvae but 

only 73% survived to the pupal stage. The larvae that survived to the pupal stage carried 

at least one wild type chromosome. As a control, observations were made of the hatch¬ 

ing frequencies and number of larvae that reached the pupal stage in wild type embryos. 

Ninety-six percent of the wild type embryos hatched into larvae and 94% survived to the 

pupal stage. This indicates that the slinkyM5k homozygous line is larval lethal. When 

placed in trans with the deficiency, the slinky6451* hemizygote appears to be embryonic 

lethal with only 67% of the eggs hatching. To date, we have been unable to restore 

viability in slinky6451* by P-element excision. 

DISCUSSION 

This study has potentially identified a novel gene that is being expressed in the apodemes 

and in the PNS. Because the pattern resembles a spring, we have named the pattern 

slinky in honor of the 50lh anniversary of the slinky® toy. The P-element associated with 

the slinky expression pattern is located on the third chromosome in region 7IB. This 

leads us to believe that the gene associated with the slinky staining pattern is also in the 

region 7IB. We have not identified an existing P-element line in the growing number of 

insertion stocks listed in Flybase that corresponds to the slinky P-element. We also have 

a line of flies that contains a homozygous larval lethal mutation that is associated with the 

slinky P-element. We believe that this mutation possibly results in a reduction of the 

gene product and not a complete removal. Two copies of the mutation result in embryo 

viability but end with larval lethality, while a single copy of the mutation (when crossed 

to the deficiency Df(3L)fzm21) results in embryo lethality. Further analysis of this muta¬ 
tion is required. 
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To understand the development of apodemes, it is first important to discuss the formation 

of mesoderm and ectoderm as well as the development of early muscle precursors and the 

epidermis. During gastrulation, cells move into the interior of the embryo along the 

invaginating furrow located along the ventral midline of the embryo (Sonnenblick, 1941; 

Poulson, 1950; Fullilove et al., 1978). These invaginated cells will form the mesoderm. 

Some of the mesodermal cells that have been formed differentiate into muscle cells 

which will form attachments to the epidermis with the help of some neighboring ecto¬ 

dermal cells. The first visible sign of muscle development is the fusion of mesodermal 

cells midway through embryogenesis at specific locations within the embryo (Bate, 

1990). These cells are thought to fuse with surrounding mesodermal cells (Rushton et al., 

1995) to give rise to multinucleate muscle precursors (Bate, 1990). After gastrulation, 

myoblasts migrate laterally from the midline to the appropriate position next to the epi¬ 

dermis. The muscle precursors extend growth-cone-like processes that come into contact 

with the overlying epidermis while navigating along specific routes toward attachment 

sites. Establishment of appropriate epidermal attachment gives muscle its proper orien¬ 

tation and length (Bate 1990; Bier et al., 1990). It has also been shown that mutations in 

Drosophila that disrupt normal epidermal formation cause defects in muscle patterns 

(Bier et al., 1990; Volk and VijayRaghavan, 1994). 

Although little is known about how individual muscles acquire their specific morphology, 

genes such as stripe, Toll, and myoshperoid have been shown to be involved in muscle 

attachment (Callahan et al., 1996). The gene derailed is expressed in tissues similar to 

the expression pattern of slinky, derailed is expressed in the PNS and at the sites of mus¬ 

cle attachments (Callahan et al., 1996). In the PNS, derailed has been found to be 

responsible for axon guidance. The neural precursors of derailed mutants fail to extend 

along their appropriate pathways and derailed seems to play an important role in the rec¬ 

ognition between growing neurons and their pathways (Callahan et al., 1996). derailed is 

also expressed in embryonic muscle fibers and neighboring epidermal cells during mus¬ 

cle growth and attachment. This muscle guidance function has been shown not to be due 

to gross alterations in the epidermis or loss of epidermal attachment cell precursors. The 

role that derailed plays in the guidance of muscle precursor cells has been shown to be 

analogous to axon pathway selection in the nervous system (Callahan et al., 1996). 

Further study of the function of the gene associated with the slinky enhancer trap pattern 

will provide basic information on a spatially restricted protein expressed in the apodemes 

and PNS. Mechanisms of determination and development are at the leading edge of 

developmental biology research. With the molecular and genetic tools that are currently 

being developed, information about genes involved in embryonic development will be 

gathered more easily and efficiently. 
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Figure 1. Localized P-element transposition screen. 
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Figure 2. Generating a single P-element line. In one of the lines of flies that expressed 

the slinky pattern, the B204 P-element was specifically transposed out for better 

resolution of the new pattern. This was done by re-introducing the transposase, 

A 2-3, Ki. Male flies with light orange eyes were used to establish new bal¬ 

anced lines. The individual lines of flies were X-Gal stained to determine 

which P-element was transposed out. 

Cross 1: 

limbryos were stained with larZ to determine which p-element hopped out 
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Figure 3. Developmental expression of the slinky pattern. (A) Lateral view of a stage 11 

embryo. Expression of the LacZ reporter gene is seen in a segmental pattern. 

(B) Dorsal view of a stage 11 embryo; staining does not cross the ventral mid¬ 

line. (C) Lateral view of an early stage 12 embryo. Expression is becoming 

restricted to the posterior margin of each segment. (D) Lateral view of an early 

stage 14 embryo. Expression of the LacZ reporter gene is still seen in the 

intersegmental apodemes (iapo) and is now seen in the chordotonal organs of 

the peripheral nervous system (ch). 
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Figure 4. Anti-BGal stains of apodeme and chordotonal expression pattern. (A) Lateral 

view of a stage 14 slinky645 embryo. This line of flies contains two P-elements. 

Expression of the LacZ reporter gene is driven in the salivary glands (sg) and 

the amnioserosa (as) by the B204 P-element and also in the intersegmental 

apodemes (iapo) and in the chordotonal organs of the peripheral nervous sys¬ 

tem (ch) by the slinky P-element. (B) Lateral view of a stage 14 slinky645* 

embryo. This line of flies contains only the slinky P-element. LacZ expression 

is seen in the intersegmental apodemes (iapo) and the chordotonal organs of the 

peripheral nervous system (ch). There is no longer staining in the salivary 

glands or in the amnioserosa. 
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Figure 5. Comparison of 22C10 stained embryos and anti-BGal stains of the slinky 

expression pattern. (A) Lateral view of a stage 14 embryo stained with 22C10 

antibody stain. Staining is seen in all of the cells of the peripheral nervous 

system. (B) Lateral view of a stage 14 embryo stained with anti-BGal. Arrows 

are pointing to cells that appear to be staining with anti-BGal as well as with 

22C10. 
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ABSTRACT 

A cougar (Puma concolor) was recovered in the proximity of railroad tracks in Randolph 

County, Illinois on July 15, 2000. A necropsy indicated that the cougar died from inju¬ 

ries it received when struck by a train. The animal appeared to be in good health prior to 

the accident, and no indications of captive rearing were observed. Genetic data were 

used to verify that the cougar was of North American origin and not an escaped or 

released cougar of South American origin. This is the first confirmed occurrence of a 

cougar in Illinois in over 100 years. 

INTRODUCTION 

On July 15, 2000 officials of the Illinois Department of Natural Resources retrieved the 

carcass of a cougar from Randolph County, Illinois. The native range of cougars stretches 

from the Yukon to Argentina, and in North America from California to the Maritime 

Provinces of Canada (Hansen 1992). While cougars were native to Illinois, predator 

control efforts of the last two centuries and habitat alteration have extirpated cougars 

from the entire Midwest (Hansen 1992). The last resident cougars were removed from 

Illinois prior to 1860 (Danz 1999). The closest known cougar populations are in Texas 

and Colorado. However, there is evidence for the existence of cougars in the Arkansas 

Ozarks (Witsell et al. 1999) as well as eastern Kentucky and Tennessee (Nowack 1976) 

and there have been recent unconfirmed cougar sightings in southern Illinois. Some cou¬ 

gars found outside of their current range are escaped or released captive animals, and 

many of those cougars are of South American origin. 

In a recent study of 315 cougars from North and South America including 31 of 32 puta¬ 

tive subspecies, Culver et al. (2000) compared partial DNA sequences of several mito¬ 

chondrial genes. They found that cougars from North America are genetically homoge¬ 

neous and distinct from South American cougars. Only two mtDNA haplotypes were 

found north of Panama, one of which was restricted to the Olympic Peninsula of the 

Pacific Northwest. Cougars from Panama and South America are genetically more 

diverse; however no South American cougar possessed either of the North American 

mtDNA haplotypes. Thus mtDNA provides a reliable method of determining whether 
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the cougar killed in Randolph County Illinois was of North American origin, and there¬ 

fore potentially a wild cougar, or of South American origin and an obvious captive 

release. 

METHODS 

The cougar carcass was frozen by IDNR personnel and shipped to Southern Illinois Uni¬ 

versity, Carbondale where a necropsy was performed. The animal was weighed and 

measurements taken. The nature of the trauma to both external and internal anatomy 

were noted. A piece of tongue was taken for genetic analyses. 

Whole genomic DNA was extracted from tongue tissue using a commercial DNA extrac¬ 

tion kit (Quiagen Inc.). Portions of two mitochondrial genes (ATP-8ase and ND-5) were 

amplified using primers described in Johnson et al. (1998). Each 50 pi PCR reaction 

contained 5 pi 10X buffer (Promega Inc.), 65 ng cougar genomic DNA, 2 mM MgCE, 

and 2.5 picomoles of each PCR primer. PCR products were prepared for cloning using a 

commercial kit (Quiagen Inc.), ligated into a TA cloning vector (Promega Inc.), and 

cloned into DH5a competent cells. Miniprep plasmid DNA was obtained using a com¬ 

mercial kit (Promega Inc.) and sequenced on an ABI 377 automated DNA sequencer. 

Sequences were compared to published sequences from Culver et al. (2000). 

RESULTS AND DISCUSSION 

The cougar was a 226 cm long male with a tail length of 72.5 cm and a total weight of 50 

kg. Based on a combination of cementum annuli and tooth wear criteria the cougar was 

estimated to be a 4-6 year old adult. The head was nearly detached from the carcass 

between the 2nd and 3rd cervical vertebrae, and was connected to the carcass by only a few 

strands of dorsal skin. Findings were consistent with blunt trauma as a cause of death. 

There was no indication that the cougar had recently worn a collar, nor was there wear on 

the foot pads consistent with cage or pen habitation. Stomach contents included partially 

digested material (skin, hair, bones) from a single white-tailed deer (Odocoileus virgini- 

anus) fawn. The cougar exhibited well-developed musculature and abundant vis¬ 

ceral/mesenteric fat. 

DNA sequences at both mitochondrial genes were identical to those of haplotype “M” 

reported as the common mtDNA haplotype in North American cougars by Culver et al. 

(2000). Sequences of the Illinois cougar differed from all South American mtDNA 

haplotypes by at least one substitution in the ATP-8ase gene and two substitutions in the 

ND-5 gene. Thus the cougar killed by the train in Randolph County Illinois was of North 

American origin and appears to have been successfully foraging in the wild prior to its 

accidental death. 



229 

LITERATURE CITED 

Culver, M., W. E. Johnson, J. Pecon-Slattery and S. J. O’Brien. 2000. Genomic ancestry of the 

American puma (Puma concolor). J. Heredity 91:186-197. 

Danz, H. P. 1999. Cougar! Ohio University Press, Athens Ohio. 310 pp. 

Hansen, K. 1992. Cougar, the American lion. Northland Publishing, Flagstaff, AZ. 129 pp. 

Johnson, W., C. Culver, J. A. Iriate, E. Eizirik, K. L. Seymour, and S. J. O’Brien. 1998. Tracking 
the evolution of the elusive Andean mountain cat (Oreailurus jacobita) from mitochondrial 

DNA. J. Heredity 89:227-232. 

Nowack, R. M. 1976. The cougar in the United States and Canada. U. S. Fish and Wildlife Serv¬ 

ice, Washington, D. C. and the New York Zoological Society, New York. 189 pp. 

Witsell, T., G. A. Heidt, P. L. Dozhier, T. Frothingham, and M. Lynn. 1999. Recent documenta¬ 

tion of mountain lion (Puma concolor) in Arkansas. J. Arkansas Acad, of Sci. 53:157-158. 



230 



Transactions of the Illinois State Academy of Science 

(2001), Volume 94, #4, pp. 231-242 
received 3/13/01 

accepted 9110/01 

Small Mammal Survey of Upland Sand 
Habitats at the Savanna Army Depot, 

Carroll and Jo Daviess Counties, Illinois 

Joyce E. Hofmann, Edward J. Heske, and Daniel G. Wenny 

Illinois Natural History Survey 

607 E. Peabody Drive 

Champaign, IL 61820 

ABSTRACT 

Nine species of small mammals were captured in a live-trapping survey conducted in 

sand prairie, sand savanna, and sand forest habitats at the Savanna Army Depot in 

northwestern Illinois. The Savanna Army Depot contains the largest contiguous expanse 

of sand prairie and sand savanna in Illinois and will be managed by the U.S. Fish and 

Wildlife Service and Illinois Department of Natural Resources. The survey was designed 

to collect baseline data on small mammals in the Depot’s upland habitats and establish 

sites for monitoring small mammal populations following management. Small mammal 

numbers were high at all sites, but species richness varied considerably among habitat 

types and sites. Two or three species were trapped in sand savannas and sand forests, but 

species richness ranged from two to eight at sand prairie sites. Species richness was 

highest in sand prairie with dense herbaceous cover. 

INTRODUCTION 

The Savanna Army Depot (SAD) was established in 1917 along the Mississippi River in 

Carroll and Jo Daviess counties in northwestern Illinois. Until its closure under the Base 

Realignment and Closure Act the Depot was used primarily for munitions storage. The 

site covers 5,288 ha (13,062 a). More than 3,600 ha (9,000 a) of the Depot will be 

incorporated into the Upper Mississippi River National Wildlife and Fish Refuge and 

named the Lost Mound Unit. The U.S. Fish and Wildlife Service will manage the Lost 

Mound Unit cooperatively with the Illinois Department of Natural Resources (IDNR). 

An additional 120 ha (300 a) tract of land at the Depot is being transferred to the IDNR. 

The SAD is recognized as a statewide significant natural area in the Illinois Natural Areas 

Inventory (IDNR Division of Natural Heritage). Uplands on the Depot lie within the 

Mississippi River Section of the Illinois River and Mississippi River Sand Areas Natural 

Division of Illinois (Schwegman 1973) and consist of a sand terrace nearly 19 km (12 mi) 

long. These uplands support the largest contiguous remnant of native sand prairie and 

sand savanna in Illinois (Robertson et al. 1997). The Army’s main form of habitat 

management at the SAD was intensive cattle grazing to keep the vegetation short and 

minimize the risk of wildfire. 
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A small mammal survey at the SAD during 1994 employed snap traps in single transects 

in grazed and ungrazed sand prairie, grazed sand savanna, and ungrazed sand forest and 

documented the presence of eight species (Anderson et al. 1994). During that survey 

more species and individuals were trapped on the ungrazed prairie transect than in grazed 

prairie. Fewer cattle were placed on the Depot during 1998 and 1999 than during 

previous years and grazing was discontinued in 2000 (Bob Speaker, SAD Engineering 

Resource Management Specialist, pers. comm.). Our survey was conducted during 

September and October 2000 with objectives of (1) providing baseline data on small 

mammal populations at the SAD following the change in grazing pressure and (2) 

selecting sites for permanent transects for future monitoring after habitat management 

practices have been implemented. The survey was confined to upland habitats, with 

transects established in sand prairie, sand savanna, and sand forest. 

STUDY AREA 

The upland plant communities at the SAD are on an extensive sand terrace that has a 

northwest to southeast orientation and is nearly 19 km (12 mi) long and up to 2.7 km (1.7 

mi) wide; they are described in detail by Robertson et al. 1997. Along the Mississippi 

River the sand has formed high dunes, but the rest of the terrace has gently rolling 

topography. The sand was originally deposited by glacial melt waters and spread over a 

wide area by prevailing west winds (Schwegman 1973). The most prevalent community 

is dry-mesic sand prairie (Robertson et al. 1997), much of which is located within a 

complex of munitions bunkers and storage buildings that includes more than 40 parallel 

roads spaced mostly at 150-m intervals. The prairie is dominated by little bluestem 

(■Schizachyrium scoparium), but also contains substantial amounts of Indian grass 

(Sorghastrum nutans), June grass (Koeleria macrantha), sand dropseed (Sporobolus 

cryptandrus), porcupine grass (Stipa spartea), and non-native Kentucky bluegrass (Poa 

pratensis). Three-awn grass (Aristida tuberculosa) and hairy panic grass (Panicum 

villosissimum) tend to be dominant in drier areas with larger patches of bare sand. The 

shrubs redroot (Ceanothus herbaceus) and sand fragrant sumac (Rhus aromatica var. 

arenaria) occur throughout the prairie. 

Dry or dry-mesic sand savanna occurs on dunes along the Mississippi River and in the 

northern part of the bunker complex. The sand savannas contain prairie vegetation with 

an open overstory of black oak (Quercus velutina) and occasional green ash (Fraxinus 

Pennsylvania). Lack of fire has allowed considerable encroachment of fire-intolerant 

species such as black cherry (Prunus serotina), honey locust (Gleditsia triacanthos), and 

red cedar (Juniperus virginiana). Dry sand forest occurs on the river dunes, dry-mesic 

sand forest mostly in the northern part of the Depot. The dry sand forest is dominated by 

black oak, but white oak (Q. alba) is important in dry-mesic sand forest. The forests also 

contain northern red and bur oak (Q. rubra and Q. macrocarpa), several species of 

hickory (Carya), black walnut (Juglans nigra), black cherry, green ash, and black locust 

(Robinia pseudoacacia). 
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METHODS 

We established trap sites at ten locations on the SAD: six in sand prairie, two in sand 

savannas, and in two sand forests (Figure 1). One hundred folding, aluminum Sherman 

live traps (8 x 9 x 23 cm) were used at each site. Traps were spaced at approximately 10- 

m intervals and positioned so as to increase the chance of capturing an animal, e.g. next 

to a log or tree, or in a runway. At most sites traps were placed in a single line, but in 

two cases the size of the habitat patch precluded this. In Beaty Creek woods two roughly 

parallel lines of 50 traps were established and at the F800/F1200 savanna site rows of 46 

and 54 traps were placed in two parts of the savanna (Figure 1). Traps were baited with 

millet, black oil sunflower seeds, cracked corn, wheat, and safflower seeds (Garver No 

Waste Mix) supplemented with striped sunflower seeds. During October we placed a ball 

of polyester fiberfill (batting) in each trap to protect animals from hypothermia. Trapping 

was conducted for three consecutive nights at each site. We checked the traps each 

morning and rebaited or reset them as necessary. Because we could not trap all sites 

simultaneously, temperature, precipitation, and the amount of moonlight, all of which can 

affect the activity (and, therefore, trappability) of small mammals (Call 1986), varied 

somewhat. However, trapping was conducted during three weeks in autumn when 

temperatures were similar and the moon was not full (see below). 

To the extent possible, we recorded the following information for each individual: 

species, sex, age, reproductive condition, and weight. The sex of shrews usually cannot 

be determined by external examination. The position of the testes (either abdominal or 

scrotal) was recorded as a general indicator of the reproductive status of male rodents. 

Females were classified as reproductively active if they had an open vulva, were pregnant 

(as determined visually or by gentle palpation of the abdomen), or showed evidence of 

recent lactation (based on examination of the teats). Juvenile mice were identified by 

their juvenal pelage; juvenile and subadult voles were distinguished from adults by 

weight (Getz et al. 1979). Animals were weighed to the nearest 0.5 gram with a Pesola 

scale. To determine the number of individuals of each species trapped at a site, every 

animal captured on the first or second morning of a trapping session was marked 

temporarily by clipping a small patch of fur on its flank. Thus, it was possible to 

distinguish individuals that were recaptured from those that were caught for the first time. 

Animals were released at the trap location after examination. 

We surveyed River-edge woods, FI 00 prairie, G-area prairie, and Beaty Creek woods on 

the nights of 28-30 September 2000. Overnight low temperatures during the trapping 

session increased from 5°C to 10.6°C at nearby Mt. Carroll, Illinois (Midwestern 

Regional Climate Center, Illinois State Water Survey). There was no precipitation and a 

waxing crescent moon. We trapped the E1200 prairie, E1700 prairie, and F800/F1200 

savanna sites on the nights of 17-19 October 2000. Overnight low temperatures at the 

Depot increased over the period from about 5°C to 12°C. No precipitation occurred and 

there was a waning gibbous moon. River dune savanna, Whitton gate prairie, and E800 

prairie were surveyed on the nights of 23-25 October 2000. The minimum temperature at 

the Depot was about 15°C for the first and third nights of the session and about 13°C on 

the second night. The moon was in the waning crescent phase, but the skies were cloudy 

or partly cloudy each night. 
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RESULTS 

We had 886 captures of small mammals in 2998 trap-nights (one trap-night = one trap set 

for one night) during this survey. This represented an overall trapping success (fnumber 

of captures/number of trap-nights| x 100) of 29.5%. We captured nine species: northern 

short-tailed shrew (Blarina brevicauda), masked shrew (Sorex cinereus), thirteen-lined 

ground squirrel (Spermophilus tridecemlineatus), western harvest mouse 

(.Reithrodontomys megalotis), deer mouse (Peromyscus maniculatus), white-footed 

mouse (P. leucopus), prairie vole (Microtus ochrogaster), meadow vole (M. 

pennsylvanicus), and least weasel (Mustela nivalis) (Table 1). 

The largest number of species was trapped at the sand prairie sites -- all nine species were 

caught in this type of habitat (Table 1). Four species were captured only in prairie and 

the only species trapped in all three habitat types was the white-footed mouse (Table 1). 

The total number of individuals caught during the survey was about 709; the exact 

number probably was between 704 and 711 (a few animals escaped before they could be 

marked or checked for marks). The most frequently trapped species was the white-footed 

mouse; it accounted for 49.4% of all captures and 46.1 % of all individuals. 

Sand prairie 
There were 426 small mammal captures at the six sand prairie sites, for an overall 

trapping success of 23.7% in this habitat. A total of 364 individuals was caught in prairie 

areas (Table 2). The number of species captured at a site varied from two to eight (Table 

2). The most frequently trapped species was the deer mouse, which accounted for 64.7% 

of all captures and 62.4% of all individuals. 

G-area prairie: Part of this dry-mesic sand prairie site was enclosed with a fence and had 

not been grazed since the mid-1990s. The herbaceous vegetation throughout the site was 

relatively tall and very dense. There were 101 captures in this prairie, a trapping success 

of 33.7% (Table 2). Eight species were captured, giving the site the highest species 

richness in the survey (Table 2). The most frequently trapped species was the meadow 

vole (28% of identified captures, 28.6% of individuals), but numerous prairie voles, deer 

mice, and northern short-tailed shrews also were caught (Table 2). 

FI 00 prairie: At this dry-mesic prairie site the herbaceous cover was very sparse and 

there were large areas of exposed sand. Trapping success was high (34.3%), but the deer 

mouse was essentially the only species caught at the site (Table 2). 

El 200 prairie: There were 60 captures, representing a trapping success of 20.0%, at this 

dry and dry-mesic prairie site (Table 2). Six species were caught, a relatively high 

species richness in this survey (Table 2). The most frequently trapped species was the 

deer mouse, which accounted for 66.7% of all captures and individuals (Table 2). 

El700 prairie: Trapping success was only 17.7% (53 captures) at this dry and dry-mesic 

prairie site, but it had the second highest species richness (seven species) of all sites 

surveyed (Table 2). The deer mouse accounted for 71.7% of all captures and 68.1% of 

individuals. 
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Whitton gate prairie: There were areas of dense herbaceous cover at this dry-mesic sand 

prairie, but large patches of bare sand were present as well. There were 58 small 

mammal captures (a trapping success of 19.3%) and species richness was relatively high 

(six species) (Table 2). The deer mouse accounted for 74.1% of all captures and 68.1% 

of individuals. 

E800 prairie: There were 51 captures at this dry-mesic sand prairie site, giving it the 

lowest trapping success in the survey (17.1%; Table 2). Only four species were caught 

and species richness was lower than at all other prairie sites except FI 00 (Table 2). Once 

again, the species caught most often was the deer mouse (64.7% of all captures, 60.0% of 

individuals). 

Sand savanna 

There were 206 small mammal captures at the two sand savanna sites that we surveyed, a 

combined trapping success of 34.4%. The total number of individuals trapped was 165, 

but only two species were captured in this habitat type (Table 2). The white-footed 

mouse was the most frequently trapped species at sand savanna sites (86.8% of captures, 

85.5% of individuals). 

F800/F1200 savanna: This dry-mesic savanna contained scattered oak trees interspersed 

with herbaceous vegetation. Trapping success was 29.3% (Table 2; 87 captures). There 

was uncertainty about the identification of a few of the Peromyscus caught at this site. 

Both species were present, but the white-footed mouse was trapped in greater numbers 

(Table 2). 

River dune savanna: Parts of this dry sand savanna, located on the dunes bordering the 

Mississippi River, had the open canopy typical of a savanna, but elsewhere the canopy 

was closed or dense shrub thickets were present. There were 1 18 captures at this site (a 

trapping success of 39.5%) and all but one animal were white-footed mice (Table 2). 

Sand forest 

There were 254 small mammal captures in the two forested sites trapped at the SAD. 

The combined trapping success in this habitat type was 42.3%. Three species were 

trapped at each site, but only the white-footed mouse was caught in appreciable numbers 

(97.6% of all captures, 97.2% of individuals). 

River-edge woods: Trapping success in this tract of dry sand forest, located on the dunes 

along the Mississippi River, was 49.0% (Table 2; 147 captures). The three species 

trapped at this site included the prairie vole, which is a grassland species. The white¬ 

footed mouse accounted for 97.3% of all captures and 96.9% of all individuals. 

Beaty Creek woods: There were 107 captures in this tract of dry-mesic sand forest, a 

trapping success of 35.7% (Table 2). Captures included one meadow vole, primarily a 

grassland mammal. It was trapped in an opening in the forest that had dense herbaceous 

cover. White-footed mice accounted for 98.1 % of all captures and 97.6% of individuals. 
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DISCUSSION 

To evaluate the benefits and success of a conservation and restoration program such as 

that to be developed for the Lost Mound Unit of the Upper Mississippi River National 

Wildlife and Fish Refuge, it will be essential to have baseline data documenting 

conditions at the onset of the program. Populations of small mammals are notoriously 

variable in both time and space (e.g. Heske et al. 1997, Fryxell et al. 1998, Getz and 

Hofmann 1999). Although it may not be practical to conduct a controlled scientific 

experiment that includes numerous replicates of “managed” and “unmanaged” sites to 

evaluate the effects of conservation efforts, an adaptive management approach that 

documents changes in faunal communities over time in relation to changing management 

practices can be highly informative. The ten small mammal survey sites we established 

in this study (two sand forests, two sand savannas, and six sand prairies) should provide 

good spatial coverage of the Lost Mound Unit and replication of major upland habitat 

types adequate for monitoring the diversity and relative abundance of small mammals. 

Continued monitoring of these sites at regular intervals could provide insight into the 

responses of the small mammal communities to new management practices. 

Sixteen species of native, terrestrial mammals small enough to be captured in Sherman 

traps (i.e., total length < 30 cm) are known or likely to occur in northwestern Illinois 

(Hoffmeister 1989). Thus, the nine species that we trapped at the SAD represented 56% 

of the region’s terrestrial small mammal fauna. Most of these are common, widespread 

species (no terrestrial small mammal in the region is listed as threatened or endangered 

by the Illinois Endangered Species Protection Board 119991). We may have failed to 

catch some species because a single trapping method does not work equally well for all 

types of small mammals (Call 1986). The southern flying squirrel (Glaucomys volans) is 

arboreal and rarely caught in live traps placed on the ground, but is likely to be present in 

wooded areas at the Depot. Similarly, the fossorial eastern mole (Scalopus aquations) 

would not be caught in aboveground traps. Shrews are best surveyed with pitfall traps 

(Kirkland and Sheppard 1994) that were impossible for us to use at the Depot because of 

restrictions on ground disturbance. Use of pitfall traps at the SAD might have resulted in 

the capture of the least shrew (Cryptotis parva), a grassland species. However, 

Hoffmeister (1989) located no least shrew specimens from northwestern Illinois and none 

have been caught during recent surveys in the region using a variety of methods (Kelt 

1991, Anderson et al. 1994, Hofmann and Handel 1995). 

The woodland vole (Microtus pinetorum) also can be difficult to trap and might be found 

at the SAD with additional effort, but we are aware of only one record for this species in 

northwestern Illinois (Hoffmeister 1989). It is possible that the sandy soil at the SAD is 

not suitable for this semi-fossorial species. The southern bog lemming (Synaptomys 

cooperi) and meadow jumping mouse (Zapus hudsonius) generally occur in mesic 

habitats (Hoffmeister 1989) and might have been caught if we had trapped at an emergent 

wetland at the Depot. Hoffmeister (1989) lists only one record for the southern bog 

lemming in northwestern Illinois so it would be interesting to know if this species occurs 

at the Depot. Additional sampling at the SAD should seek to confirm the presence or 

absence of these species. Eastern chipmunks (Tamias striatus), on the other hand, are 

readily detected and should have been caught if they were present in wooded areas. 

Anderson et al. (1994) also did not trap chipmunks at the SAD. Their apparent absence is 
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noteworthy because chipmunks have been documented in forests in Jo Daviess County 

(Hofmann and Handel 1995) and at nearby Mississippi Palisades State Park in Carroll 

County (Hoffmeister 1989). The absence of non-native house mice (Mus musculus) and 

Norway rats (Rattus norvegicus) from our transects, despite the abundance of human- 

made structures at the Depot, suggests that the benefits of conservation efforts would 

accrue primarily to native species. 

Sand forest and savanna displayed the lowest diversity of small mammal species in this 

survey, with only two or three species trapped per site and numerical dominance by 

white-footed mice (Table 2). Anderson et al. (1994) also caught fewer species on forest 

and savanna transects than on prairie transects at the SAD (one, three and eight, 

respectively). Similarly, only two small mammal species and a preponderance of white¬ 

footed mice were trapped in a sand savanna in Winnebago County, Illinois (Szafoni 

1989) and sand forests in Cass County, Illinois (Hofmann and Handel 1997). The white¬ 

footed mouse is such a common woodland species in Illinois (Hoffmeister 1989) that the 

large numbers caught in the sand forest were not surprising. Variation in results between 

the two sand forest sites at the SAD was minimal. We captured only one northern short¬ 

tailed shrew at each site; these results, however, undoubtedly underestimate this species’ 

abundance because shrews are not as readily caught in live traps as white-footed mice are 

(Call 1986, Kirkland and Sheppard 1994). The meadow and prairie voles caught in the 

forests are grassland species and presumably not a major component of the forest small 

mammal community. Although both species of Peromyscus were captured at each sand 

savanna, their relative numbers varied greatly between sites. Both deer mice and white¬ 

footed mice occurred in considerable numbers at the F800/F1200 savanna, but only a 

single deer mouse (a grassland inhabitant in Illinois) was trapped at the River dune 

savanna. These two savannas differed in that the latter included areas with greater tree 

densities and closed canopies as well as areas with dense shrub cover. Anderson et al 

(1994) caught prairie voles (although no deer mice) on their savanna transect, where the 

vegetation was similar to our F800/F1200 site. Restoration of degraded savannas at the 

SAD could increase the diversity of their terrestrial small mammal fauna by making this 

habitat more suitable for grassland species. 

Sand prairie at the SAD had a greater overall species richness and diversity although 

there was considerable variation among the sites we surveyed. The number of species 

per site varied from two to eight and trapping success ranged from 17.1% to 34.3% 

(Table 2). At one site a single species displayed numerical domination (the deer mouse at 

FI00), but other sites had a more diverse assemblage. Species richness at a site was not 

related to the number of individuals captured or to trapping effort, which was constant 

among sites. Thus, the variation is not an artifact of sampling. Rather, we believe that 

the small mammal communities at each site reflect the complexity, diversity, and 

maturity of the prairie vegetation. The most diverse small mammal assemblage was at 

the site (G-area prairie) where the prairie vegetation, part of which had been protected 

from grazing in the past, was tall and most dense. This site yielded the only captures of 

least weasels and masked shrews as well as the greatest numbers of meadow voles and 

northern short-tailed shrews. Similarly, Anderson et al. (1994) caught more species at the 

G-area prairie than on their grazed prairie transect. In contrast, we caught essentially 

only deer mice at the FI00 site, which had very sparse vegetative cover. Despite the 

marked difference in the vegetation at the G-area and FI00 sites, they yielded the largest 
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numbers of individuals captured in the sand prairie (Table 2). Although other sites may 

not be able to support similar vegetative complexity, the G-area prairie provides a 

benchmark of the diverse small mammal community possible in sand prairie habitat at 

the newly designated Lost Mound Unit of the Upper Mississippi River National Wildlife 

and Fish Refuge. 

Although no rare species of terrestrial small mammals were found at the SAD, common 

and widespread species play important roles in ecosystems. Herbivorous and burrowing 

species can, for example, affect the species composition of plant communities, increase 

nitrogen mobility in plants, and affect the process of succession (Huntly 1991, Ostfeld 

and Canham 1993, Howe and Brown 1999, Sirotnak and Huntly 2000). In addition, 

many species of small mammal provide a significant prey base for higher trophic levels. 

Maintenance of overwintering raptors as well as the nesting success of hawks and owls 

can be dependent on healthy populations of rodents (e.g. Hamerstrom 1979, Hamerstrom 

et al. 1985, Plumpton and Andersen 1998). Bird surveys during 1994-1998 showed no 

breeding by several raptors (e.g., northern harrier [Circus cyaneus] and short-eared owl 

[Asio flammeus]) that were observed occasionally at the Depot (Anderson et al. 1995, 

1996; Anderson and Kirk 1998; Anderson in litt.). Although the failure of these species 

to breed at the SAD has been attributed to a lack of suitable nesting habitat resulting from 

intensive grazing (e.g., Bowles 1993), an inadequate prey base also may have been a 

factor. Mammalian carnivores from least weasels to coyotes (Canis latrans) and bobcats 

(Lynx rufus) also rely on small mammals as prey to varying extents, as do many species 

of snake. Voles are particularly important for many predators because they are active 

diurnally as well as nocturnally. We found that small mammals were numerous even in 

areas of sand prairie with sparse vegetation, but species richness was greater and more 

voles were caught in prairies with denser cover. Conservation efforts that benefit small 

mammals not only protect a component of biodiversity important in its own right, but can 

aid other taxa and trophic levels as well. 

ACKNOWLEDGMENTS 

Pam Sullivan and Laurel Temmen, IDNR residents in District 1, made a vital 

contribution to this survey by participating in all trapping sessions. We thank Steven 

Amundsen, Bernard Sietman, Jason Martin, Amy Symstad, Ed Anderson, and Randy 

Nyboer who also assisted with the trapping. The project was made possible by a grant 

(FY00- LP09) from the Illinois Wildlife Preservation Fund through the IDNR Division of 

Natural Heritage. 

REFERENCES 

Anderson, E. A. and D. R. Kirk. 1998. 1997 upland bird survey of the Savanna Army Depot, 
Carroll and Jo Daviess counties, Illinois. Unpublished report, Illinois Department of Natural 
Resources, Division of Natural Heritage. 

Anderson, E. A., T. Bittner, and A. Mankowski. 1994. Small mammal survey of the Savanna Army 
Depot, Savanna, IL. Unpublished report, Illinois Department of Conservation, Division of 
Natural Heritage. 12 p. 

Anderson, E. A., J. R. Herkert, and R. N. Nyboer. 1996. 1996 upland bird survey of the Savanna 
Army Depot, Carroll and Jo Daviess counties, Illinois. Unpublished report, Illinois Department 
of Natural Resources, Division of Natural Heritage. 



239 

Anderson, E. A., J. R. Herkert, R. N. Nyboer, and M. M. Simone. 1995. 1994-1995 upland bird 

survey of the Savanna Army Depot, Carroll and Jo Daviess counties, Illinois. Unpublished 

report, Illinois Department of Natural Resources, Division of Natural Heritage. 

Bowles, M. 1993. Long-term grazing effects on sand prairie and grassland bird habitat at the 

Savanna Army Depot: with recommendations for management and recovery. Unpublished report 

to the Illinois Department of Conservation and Savanna Army Depot. Morton Arboretum, Lisle, 

IL. 23 p. 

Call, M.W. 1986. Rodents and insectivores. Pages 429-452 in Inventory and monitoring of wildlife 

habitat. A.Y. Cooperrider, R.J. Boyd, and H.R. Stuart, eds. U.S. Department of the Interior, 

Bureau of Land Management, Denver, CO. 

Fryxell, J.M., J.B. Falls, E.A. Falls, and R.J. Brooks. 1998. Long-term dynamics of small-mammal 

populations in Ontario. Ecology 79:213-225. 

Getz, L.L. and J.E. Hofmann. 1999. Diversity and stability of small mammals in tallgrass prairie 

habitat in central Illinois. Oikos 85:356-363 

Getz, L.L., L. Vemer, F.R. Cole, J.E. Hofmann, and D.E. Avalos. 1979. Comparisons of population 

demography of Microtus ochrogaster and M. pennsylvanicus. Acta Theriologica 24:319-349. 

Hamerstrom, F. 1979. Effect of prey on predator: voles and harriers. Auk 96:370-374. 
Hamerstrom, F., F.N. Hamerstrom, and C.J. Burke. 1985. Effects of voles on mating systems in a 

central Wisconsin population of harriers. Wilson Bulletin 97:332-346. 

Heske, E.J., D.L. Rosenblatt, and D.W. Sugg. 1997. Population dynamics of small mammals in an 

oak woodland-grassland-chaparral habitat mosaic. The Southwestern Naturalist 42:1-12. 

Hoffmeister, D.F. 1989. Mammals of Illinois. University of Illinois Press, Urbana. 348 p. 

Hofmann, J.E. and W.C. Handel. 1995. A limited survey of the mammalian fauna of the FAP 301 

(U.S. 20) project area, Jo Daviess and Stephenson counties, Illinois. Illinois Natural History 

Survey Center for Biodiversity Technical Report 1995 (1). Prepared for Bureau of Design and 

Environment, Illinois Department of Transportation, Springfield, iv+49 p. 

Hofmann, J.E and W.C. Handel. 1997. A limited survey of the mammalian fauna of the FAP 310 

(US 67) project corridor, Morgan, Cass, Schuyler, and McDonough counties, Illinois. Illinois 

Natural History Survey Center for Biodiversity Technical Report 1997 (3). Prepared for Bureau 

of Design and Environment, Illinois Department of Transportation, Springfield. 24 p. 

Howe, H.F. and J.S. Brown. 1999. Effects of birds and rodents on synthetic tallgrass communities. 

Ecology 80:1776-1781. 
Huntly, N.J. 1991. Herbivores and the dynamics of communities and ecosystems. Annual Review 

of Ecology and Systematics 22:477-504. 

Illinois Endangered Species Protection Board. 1999. Checklist of endangered and threatened 
animals and plants of Illinois. Springfield. 20 p. 

Kelt, D.A. 1991. Composition and biogeography of small mammals in northwestern Illinois based 

on pitfall trapping. Transactions of the Illinois State Academy of Science 84:175-184. 

Kirkland, G. L., Jr. and P. K. Sheppard. 1994. Proposed standard protocol for sampling small 

mammal communities. Pages 277-284 in Advances in the Biology of Shrews. J. F. Merritt, G. L. 

Kirkland, Jr., and R. K. Rose, eds. Special Publication of Carnegie Museum of Natural History 

18, Pittsburgh, PA. 

Ostfeld, R.S. and C.D. Canham. 1993. Effects of meadow vole population density on tree seedling 

survival in old fields. Ecology 78:1531-1542. 
Plumpton, D.L. and D.E. Andersen 1998. Anthropogenic effects on winter behavior of ferruginous 

hawks. Journal of Wildlife Management 62:340-346. 

Robertson, K.R., L.R. Phillippe, G.A. Levin, and M.J. Moore. 1997. Delineation of natural 
communities, a checklist of vascular plants, and new locations for rare plants at the Savanna 

Army Depot, Carroll and Jo Daviess counties, Illinois. Illinois Natural History Survey Center for 

Biodiversity Technical Report 1997 (2). Prepared for Division of Natural Heritage, Illinois 

Department of Natural Resources, Springfield. 90 p.+map. 

Schwegman, J.E. 1973. Comprehensive plan for the Illinois Nature Preserves System. Part 2. The 

natural divisions of Illinois. Illinois Nature Preserves Commission, Rockford. 32 p.+map. 
Sirotnak, J.M. and N.J. Huntly. 2000. Direct and indirect effects of herbivores on nitrogen 

dynamics: voles in riparian areas. Ecology 81:78-87. 

Szafoni, R.E. 1989. The small mammals of Rockton Nature Preserve, Winnebago County, Illinois. 

Transactions of the Illinois State Academy of Science 82:177-182. 



240 

Table 1. Small mammal species trapped in three upland habitats, Savanna Army Depot, 

Carroll and Jo Daviess counties, Illinois, September and October 2000. 
(inds = individuals, SP = sand prairie, SS = sand savanna, SF = sand forest) 

Species No. captures No. inds SP SS SF 

Sorex cinereus 2 2 X 

Blarina brevicauda 25 24 X X 

Spermophilus tridecemlineatus 14 11 X 

Reithrodontomys megalot is 13 12 X 

Peromyscus leucopus 437 327 X X X 

P. maniculatus 302 251 X X 

Microtus ochrogaster 53 51 X X 

M. pennsylvanicus 36 29 X X 

Mustela nivalis 2 2 X 

Totals 884* 709+ 9 2 4 

* total = 884 because two animals escaped before they were identified 

+ range 704-711 
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ABSTRACT 

Paul Douglas Forest Preserve (a.k.a. Grassy Ridge Meadow) in northwestern Cook 

County, Illinois has a mixture of grassland, remnant and afforested woodland habitats. In 

2000, the birds of those three habitats were inventoried using point-counts. Fewer birds 

were seen in the afforested area (113) than in the grassland (201) or the remnant woods 

(168) despite the fact that there were more points in the afforested habitat: 6, 5 and 3 

points, respectively. Overall less than half as many birds were detected a points in the 

afforested habitat than either other habitat. Ranks of counts in the afforested habitat were 

significantly (Pr <0.05) lower (Mann-Whitney U-test) on one out of 5 comparisons with 

the grassland habitat and on 4 out of 5 comparisons with the remnant woodland. The 

total number of species observed in the afforested, grassland and remnant woodland 

habitats were similar: 32, 32 and 39, respectively. Among species found exclusively in a 

single habitat, the grassland had more than the afforested and woodland combined. The 

low abundance of birds in a fairly mature afforested area suggests that the known nega¬ 

tive impact on grassland birds of planting trees in pastures is not offset by a substantial 

benefit to woodland birds. 

Key words: afforestation, avian diversity, reforestation, grassland bird decline and point 

counts. 

INTRODUCTION 

Afforestation, the planting of trees on land that had not previously been forested, is cur¬ 

rently being promoted as a way to sequester carbon produced by the burning of fossil 

fuels (Cathcart 2000). Reforestation (and afforestation) has been a common practice of 

the Forest Preserve District of Cook County, Illinois (FPDCC) for many years as part of 

its goal to "preserve and restore the flora and fauna." The Paul H. Douglas Forest Pre¬ 

serve (FPDCC), which is primarily known for its grassland birds, has large afforested and 
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grassland areas as well as remnant woods (Carpenter and Greenberg 1999). While 

exploring this site in anticipation of a Bird Conservation Network (BCN) breeding cen¬ 

sus, we noticed that the more mature, remnant woods abounded with bird activity in 

comparison to the significantly quieter, younger-aged, afforested woods. Kwok and 

Corlett (2000) had similarly reported the relative silence of birds in monoculture planta¬ 

tions and, thus, we decided to study the effects of afforestation on avian abundance and 

diversity at the Paul Douglas Forest Preserve where afforested tracts, remnant forests and 

grasslands exist in proximity. 

In Illinois, grassland bird species declines coincide with the loss of habitat from reduc¬ 

tions in area of pasture and hayfields due to changing agricultural practices and/or inva¬ 

sions of grasslands by woody vegetation (Herkert 1991, 1997). O'Leary and Nyberg 

(2000) found the amount of woody vegetation and the nearness of woody vegetation were 

the most important factors affecting grassland bird abundance in a complex of fields. 

Afforestation of pastures clearly decreases the amount of grassland habitat, but how well 

do and how long before afforested habitats provide birds a habitat close to natural forests 

are the questions we hope to contribute to. 

Our objective was to compare avian density and diversity in two pairs of habitats, both 

pairs involving the afforested woods. The first comparison was that of birds in the affor¬ 

ested woods with those in a remnant woodland, which had larger trees and a more com¬ 

plex physiognomy, to determine how closely the afforested area resembled nearby natural 

woodland. The second comparison was that of birds in the afforested area with its neigh¬ 

boring grassland habitat to see what effects tree planting had on grassland and other types 

of birds. 

STUDY AREA 

Paul Douglas Forest Preserve is 400 ha of grassland matrix with patches of afforested and 

natural woods and wetlands. Aerial photographs of the Northeastern Illinois Planning 

Commission (NIPC), and 1961 and 1990 U.S. Geological Survey Topographic Maps - 

Palatine, Illinois Quadrangle helped define patch area and habitat history. All study 

points were in the south half of section 31 T42NR10E, a 129 ha area that was predomi¬ 

nantly grassland. Using the parking area named "Grassy Ridge Meadow" as a base 

(approximately 42° 04'N and 88° 07'W), we sampled an 11.6 ha patch of afforested land 

along the western edge of the section. The grassland points were between the parking 

area and the afforested patch. The remnant woodland patch of 3.7 ha was northeast of the 

parking area. A wetland associated with Poplar Creek was between the parking area and 

the woodland. 

Both the size of the trees and U. S. Geological Survey topographic maps provided infor¬ 

mation regarding the time of the afforestation. The 1961 map shows both the current 

grassland and the afforested area as treeless but the 1990 map shows the reforested area 

as wooded. Currently, there are many trees in the reforested area greater than 25 cm dbh 

(diameter at breast height). Therefore, it is probable that the trees were planted shortly 

before 1961, probably about 1955. 
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MATERIALS AND METHODS 

We initially planned to have 6 points 150m apart in each of the three habitats. The rem¬ 

nant woodland was not large and only 3 points greater than 100 m apart could be estab¬ 

lished in that habitat. One of our initial 6 grassland points proved to be inconvenient to 

access and was not studied. 

A 10-minute point-count protocol was used to monitor birds (Verner 1988). Point-count 

visits were made on nine days between 6:45 AM and noon. All statistical comparison are 

based on the five visits (17 & 26 June, 8 & 29 July and 12 August 2000) on which all 14 

points were inventoried. The order in which the stations were observed was varied so 

that each habitat was visited first on at least one trip. Four field guide resources — books 

and cassettes (Bull and Farrand 1994; Coe 1994; Peterson 1980; Lang and Stokes 1997) 

were used to identify birds. 

Two procedures were used to evaluate the hypothesis that the abundance of birds in the 

afforested community was less than that in the other two habitats. First we ranked (by 

count) each point in the two habitats on a given day. Using the Mann-Whitney U-test 

(Sokal and Rohlf 1969) we determined if the ranks were significantly different between 

the two habitats. Second, we used a sign test (Sokal and Rohlf 1969). The total number 

of birds observed at all of the habitat's points on a given day was used to order the habi¬ 

tats on each day. The afforested habitat always had less total birds even though it had 

more points than either other habitat so we made no adjustment for the different number 

of points. We then tested the hypothesis the habitats were equal by calculating the 

probability of observing the afforested habitat as having the lowest abundance on all five 

comparisons if they were equal, namely Vi or 0.03. Community species similarity used 

the Jaccard index of similarity (Curtis 1959), namely twice the number of shared species 

divided by the sum of the total number of species in each habitat. 

Quantitative vegetational characterization of the study areas was done in August. At each 

point, we estimated the percentage cover of herbaceous vegetation, the density of large 

trees, small trees, and shrubs (e. g. Curtis 1959). The percentage of herbaceous cover 

was an estimate of the ground that was hidden by plants as one looked down at the 

ground around the point. All large trees, which we defined as those greater than 25 cm 

diameter at breast height (dbh) within 12 m of the point, were identified and measured. 

Small trees, those between 10 and 25 cm dbh, within 5 m of the point were identified and 

measured as well. To estimate the density of shrubs, which we defined as woody vegeta¬ 

tion less than 10 cm dbh and greater than 1 m high, we counted the number within 5 m of 

the point. All estimates were expressed as a number per hectare. 

RESULTS 

A total of 723 birds with a total of 69 species were identified in all three habitats during 

all visits. On the five days all fourteen points were visited 1 13 birds of 32 species were 

observed in the afforested woods, 201 birds of 32 species were observed in the grassland 

region, and 168 birds of 39 species were observed in the remnant woods (Table 1). The 

most frequently observed species were the bobolink (Dolichonyx oryzivorus) with 79 

birds - many were fledglings, the red-winged blackbird (Agelaius phoeniceus) (68), the 
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American robin (Turdus migratorius) (59), the black-capped chickadee (Parus atricapil- 

lus) (53), the blue jay (Cyanocitta cristata) (45) and the barn swallow (Hirundo rustica) 

(44). Not surprisingly, certain species were much more abundant in one particular habi¬ 

tat. 

A total of 62 species were identified on the five days that all 14 points were studied. 

Table 2 presents the information on the overlap of species among habitats; ten species 

were seen in all 3 habitats, 17 were seen only in the grassland, 9 only in the remnant 

woodland and 5 only in the reforested woodland (Table 2). The reforested habitat and the 

remnant had the highest similarity (73%); while the similarity of the grassland with the 

woodlands was between 34 and 39%. Each habitat had some species observed only in 

that habitat, but less than 10% were identified in only the reforested woods (Table 2). 

The average number of birds per station per visit was largest in the remnant woods 

(11.2), the average for the grassland habitat was 8.4 birds, while the reforested woods had 

a much smaller average of 3.8 birds (Table 1). 

On each of the days that all five grassland and all six reforested woodland stations were 

visited, more birds were observed in the grassland. On each of the five days that all rem¬ 

nant woodland and all reforested woodland stations were visited, more birds were 

observ ed at the three remnant woodland stations than at all six reforested stations. Thus 

in both comparisons we reject the hypothesis that the habitats have equal abundance of 

birds, as the probability that the sign of the comparison would always be the same is less 

than 5%. A more stringent test asks if the counts at individual points differ by habitat. 

Points within the afforested habitat (on the same observation day) were significantly less 

than the counts at the grassland points (Mann-Whitney U-test) on one out of five days. 

The remnant woods had a significantly higher count of birds per point than the afforested 

woods on four out of five days. 

The Vegetation 

One grassland point was in a regularly mowed area at the edge of a soccer field. The 

other four grassland sites were typical of abandoned hayfields. Grass was 5-8 dm tall, 

thick and covered over 90% of the ground. Only four forb species were noticed and no 

woody vegetation taller than the grass was detected within 15 m of the point (Table 3). 

Five of the six reforested points were in a relatively mature afforestation; the other point 

had trees remaining from a former homesite. Many of the planted trees were greater than 

25 cm diameter at breast height (dbh). Ten of the fourteen tree species that were planted 

were native to Cook County, Illinois, including three species of oak (Quercus sp.). The 

six reforested sites had an average density of 111 trees >25 cm dbh per ha, but did not 

have any trees >50 cm dbh. The density of trees taller than 3 m high and <25 cm dbh was 

615 stems/ha. The density of shrubs (woody vegetation <3 m high) was 2,419 stems/ha, 

though over half the total counts were at a single station. Excluding that particular sta¬ 

tion, the shrub estimate would be 1,350 stems/ha in the afforested area. The herbaceous 

layer in the reforested tract covered an average of 31% of the ground (Table 3). 

All three remnant woodland stations were associated with a moderately steep ridge that 

dropped down to a wetland. The herbaceous layer only covered 17% of the ground, but 

included classic woodland species and a higher number of total species than the refor- 
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ested area. The shrub layer had an average density of 1,188 stems/ha, while the trees <25 

cm dbh had a density of 891 stems/ha. The trees >25 cm dbh had a density of 162 

stems/ha, with oak (Quercus) species most abundant. There were also many more trees 

with dead limbs in the remnant tract as well as containing some trees which were >50 cm 

dbh. 

DISCUSSION 

The planting of trees has long been an environmental mantra. In addition to long stand¬ 

ing reasons for promoting tree planting, currently afforestation is being promoted as a 

way to soak up carbon in the atmosphere (Herbohn et al. 2000). The adverse effect of 

afforestation on grassland birds is obvious. We observed seventeen species solely in the 

grassland. Bobolinks, meadowlarks (Sturnella magna), and other grassland birds disap¬ 

pear sometime after a field is planted with trees and are replaced by birds species that 

find the new environment with small woody vegetation attractive. As the afforested area 

further matures theoretically one expects birds of mature forests. Our study demonstrates 

that even when large tree density in an afforested patch is comparable to that of a natural 

woodland, the abundance of birds in the afforested area is much less than a remnant 

woodland. Afforestation is not comparable to successional changes following strip-min¬ 

ing where vegetation growth increased avian diversity (Karr 1968), because in mining 

situations the bare ground that immediately follows mining has very few nesting species. 

In the case of afforestation, an existing grassland guild with a moderate number of spe¬ 

cies is displaced by the planting of trees. 

Studies of avian changes following logging (e. g. Hagan et al. 1997) show that certain 

species benefit from the habitat that follows logging (but not the grassland guild) and that 

diversity can often be maximized by different age patches. Logging a natural forest typi¬ 

cally results in a temporary flourishing of understory herbs and shrubs before eventually 

being displaced by trees. In the situation we studied, the understory of the afforested 

woods had pasture plants and mostly exotic shrubs (albeit at high density) rather than 

woodland plants. Reforestation of land recently occupied by a forest not only is likely to 

develop a rich understory, but also differs from afforestation in that reforestation does not 

involve the displacement of an existing grassland bird guild. 

Our main finding was the distinctly lower abundance of birds in afforested areas com¬ 

pared to either the grassland or the natural forest. Other studies examining avian life in 

tree plantations also found lower abundance and diversity in such areas than in more 

natural, remnant woods. Probst et al. (1992) suggests that bird populations were highest 

in mature stands because of their greater structural complexity. Christian et al. (1997) 

found avian abundance and diversity considerably lower on plantations when compared 

to forests and non-wooded wildlands and Kwok and Corlett (2000) offered lower food 

abundance as an explanation. Ericsson et al. (2000) attribute the lower avifaunal 

diversity of reforested woods to the lack of natural floral diversity of these forests' 

ecosystems. 



248 

Management Implications 

Ways that seem likely to increase avian diversity in existing afforested areas include cre¬ 

ating deadvvood within them and getting the understory vegetation closer to that of for¬ 

ests. If grassland birds occupy an area proposed for afforestation, the afforestation should 

not be undertaken. It will be very difficult, if at all possible, to ever recover the avian 

diversity displaced. 
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Table 1. Number of species and birds observed by habitat*. 

Variable 
Grassland 

—Habitat- 

Reforested Remnant 

Woods 

Total 

Number of Points per habitat 5 6 3 14 

Species Total 32 32 39 62 

Total Birds 201 113 168 482 

Average number of birds per point 

per visit 

8.4 3.8 11.2 

* Using five dates on which all 14 points were visited 

Table 2. Overlap of species among habitats. 

Part A. Numbers of species 

Habitats where found: Grassland Reforested Remnant 

Woods 

All 10 10 10 

Grassland & Reforested 1 1 

Grassland & Remnant 4 4 

Reforested & Remnant 16 16 

Grassland only 17 

Reforested only 5 

Remnant only 9 

Total in habitat 32 32 39 

Proportion of total species (62) found in habitat 0.52 0.52 0.63 

Proportion of total species (62) exclusive to habitat 0.27 0.08 0.15 

Part B. Jaccard's Index of Similarity 

Reforested 

Remnant 

0.34 

0.39 0.73 

Table 3. Vegetation characteristics of habitats. 

Grassland Reforested Remnant Woods 

Herbaceous Cover 100% 31% 17% 

Woody vegetation Number per hectare Number per hectare Number per hectare 

Shrubs 14 2419 1 188 
Trees <25 cm dbh 0 615 891 
frees >25 cm dbh 0 1 11 162 
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BOOK REVIEW #8 

Askins, Robert A. Restoring North America’s Birds: Lessons from Landscape Ecology. 

2000. xiii + 320 pp.; 72 illustrations; lists of organisms with common and scientific 

names; notes; references; index. Yale University Press, New Haven and London. Hard 

Cover. Price: US$35.00. Available from Yale University Press, P.O. Box 209040, New 

Haven, CT 06520-9040. 

As the published works in the science of ecology become evermore abstruse and mired in 

advanced statistical techniques and computer wizardry, the need for more easily accessi¬ 

ble and usable syntheses of information has become increasingly evident. Askins’ 

Restoring North America’s Birds, therefore, is exactly what restoration managers, con¬ 

servationists, and bird enthusiasts need to help address new and more difficult issues as 

bird habitats continue to be destroyed or degraded by human impacts. The book, how¬ 

ever, provides more than a dispassionate synthesis of scientific studies. It lays a firm 

foundation for viewing natural systems from a landscape perspective, which the author 

considers essential for conserving birds in habitats increasingly influenced by human 

activities. 

The facing page of each chapter has an excellent artistic rendition of a bird species (by 

Julie Zickerfoose) in its habitat that will be discussed in the chapter. In addition, the 

title of each chapter is followed by a relevant quotation. Quotations were drawn from a 

variety of literary sources including one selection from a poem by Emily Dickinson. 

This provides the true impression that the text will be easily accessible and not bogged 

down in scientific minutia; it also encourages a freedom to expand one’s viewpoint 

beyond the familiar and immediate. Photographs of birds and their habitats, liberally 

scattered throughout the book, also increase the accessibility of the information. Askins 

gradually introduces the concepts of landscape ecology with examples and case studies 

rather than formal definitions, with a more structured definition waiting until the final 

chapter entitled simply “Landscape Ecology.” Therefore, the sequence of chapters tends 

to develop as a finely crafted story might, pulling the reader forward to find out what 

happens next. Readability is enhanced by referencing citations by numbered superscripts 

rather than the often unwieldy author-year method that is common for scientific writings. 

Nine of the ten chapters each cover a specific habitat type. In his habitat descriptions and 

historical perspectives, Askins references a variety of older writings, scientific and oth¬ 

erwise (a procedure increasingly lacking in recent years [Pechenik et al. 2001]). He fre¬ 

quently uses quotations from those writings; but at the same time, his discussions are 

grounded in the latest ornithological studies. Not all habitat types in North America are 

covered, and in this aspect the book is far from comprehensive. Nevertheless, grass¬ 

lands, shrub lands, forests, riparian ecosystems, and other habitat types are examined 

adequately to illustrate Askins’ main point that viewing bird habitats from a landscape 

perspective is the most effective way to approach the restoration of bird populations. 

General recommendations for conservation of birds appear at the end of each chapter for 

the specific habitat under consideration. Figures of data and other information are spar¬ 

ingly used with discussions of statistical methods and results avoided entirely. Hardliners 

may complain the book lacks rigor; but the motivated reader seeking details merely has to 

consult the original references, while the rest of us may continue to read happily onward. 
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A great deal of emphasis is given to the importance of disturbance as a integral, natural 

factor influencing the structure, composition, and overall appearance of landscapes, 

within which specific bird habitats may be embedded. Natural disturbances include peri¬ 

odic fires, floods, wind, grazing pressure, widespread disease, and insect damage. 

Asians, in fact, suggests that a disturbance-dependent natural landscape, such as a grass¬ 

land, should be viewed as a “...‘shifting mosaic’ of habitat patches,” the dynamics of 

which are a function of the disturbance regime. Askins discusses the grasslands and for¬ 

ests of Illinois in several examples. 

Most of Illinois’ natural terrestrial communities were historically shaped by fire for thou¬ 

sands of years in combination with the topography of the landscape. Fire frequency was 

largely responsible for whether a particular piece of land developed into grassland, forest, 

or the transitional savannas (Anderson 1991). Many ecological restorationists in Illinois 

have, in fact, been using the landscape approach for some time (Schwartz 1997). Even 

though Askins admittedly did not attempt to make Restoring North America’s Birds a 

comprehensive synthesis of the literature on ecosystem dynamics and habitat manage¬ 

ment, the book may easily stand alongside such excellent syntheses of recent ecological 

thought as Botkins (1990) and the more technical Huston (1994), where disturbance and 

change are given full recognition, but older ideas of unchanging, long-term stability of 

mature ecosystems and the balance of nature are de-emphasized. 

Throughout the book, Askins advocates active management of bird habitats to restore and 

maintain specific habitat types. Indeed, he states that “Letting ‘nature take its course’ to 

reestablish a presumed ‘balance of nature’ can lead to severe loss in biological diversity. 

The resulting natural areas may be much more homogeneous than the diverse landscapes 

that preceded European settlement.” The author provides many examples of bird habitat 

management in a wide variety of systems where disturbance dependence, successional 

processes, and interactions with surrounding landscapes are central to the discussion. 

Throughout the book, he stresses the need to view specific bird habitats in relation to sur¬ 

rounding areas; that is, in terms of the overall surrounding landscape, in addition to rela¬ 

tionships with other habitats across larger regions (e.g., for the total picture on Neotropi¬ 

cal migrants, one must consider that overwintering areas are not in North America). 

Again, the author discusses examples drawn from Illinois, which provides some of the 

best examples and comprehensive studies of habitat fragmentation, edge effects, and the 

problem of cowbird parasitism on forest-dwelling songbirds (Schwartz 1997). And he 

stresses the importance of maintaining a diversity of habitat types (e.g., a grassland area 

should contain patches of tallgrass, mixed grass, and shortgrass with burned and 

unburned areas) “...to support a full range of successional stages, from newly disturbed 

areas where vegetation is regenerating, to long undisturbed sites where the vegetation is 

relatively stable.” He even suggests the use of limited clearcutting of woods in carefully 

selected patches (not old growth) to create a mosaic of habitat types (for example, shrub- 

lands within a larger forested matrix), allowing for greater overall species diversity on a 

landscape scale. At the same time, Askins warns that “...conservation efforts that benefit 

one species will inevitably harm other species. Creating grassland habitat for Grasshop¬ 

per Sparrows may destroy or degrade the woodland habitat of Cerulean Warblers.” 

Resource managers must make the choice. 
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Askins views humans not only as the main agent controlling the disturbance regime, but 

as part of the landscape itself, suggesting that “...we must try to find ways to maintain 

ecological processes and the species that depend on them across landscapes that are used 

by people for economic purposes.” Such purposes include farming, timber harvesting, 

and ranching. He cites the Texas Hill Country near San Antonio and Austin as a case 

study worth replicating. Undoubtedly, working together pro-actively should work better 

than confrontation and fighting, which usually occurs after a great deal of damage has 

already been done. 

Restoring North America’s Birds is not a step-by-step handbook for restoring and man¬ 

aging bird habitats. Instead, the book presents examples of how a landscape perspective 

can be used to guide how bird habitats are managed. Permeating the book is the idea that 

restoring and maintaining bird populations can only be accomplished by restoring and 

maintaining habitats. For this reason, it may be one of the most important books in recent 

years, forming a strong and needed link between theoretical ideas of ecosystem dynamics 

and processes (although with little theory explicitly mentioned) and practical implemen¬ 

tation in the real world. Bird populations are sure to benefit from habitats being managed 

from a landscape perspective. 

Reviewer: Thomas V. Lerczak, Illinois Nature Preserves Commission, 17500 E. CR 

1950N, P.O. Box 590, Havana, Illinois 62644. 
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